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7A GROWING 
SERVICE TO 
INDUSTRY 


The day has passed when industry need struggle 
with stainless steel of a single analysis—nor is it 
now necessary to adapt processes and to change 
products on account of the unchangeable qualities 
in the steel itself. 

Research has changed all this. Republic now 
offers Enduro in ten grades—a grade to meet 
every need—a grade suitable where corrosion re- 
sistance must be combined with strength and 
toughness—a grade that machines freely—a grade 
suitable for deep drawing—a grade for welded 
fabrication—a grade to withstand oxidation at ex- 
tremely high temperatures, and others to meet 
certain specific requirements. 

Tell us your problems and we will tell you 
what Enduro Nirosta can mean to you in terms 
of better products and better profits. 


Sold only through 
Republic Sales Offices 
and Authorized 
Distributors. 
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Timken Alloy Steel Mechanical ‘Tubing 
A Superior Product for Old and New Uses 


Timken mechanical tubing offers dual advantages 
to modern industry by (1) raising the service stand- 
ards of products in which tubing is now used, and 
(2) effecting substantial economies in the produc- 
tion of many parts at present being fabricated from 
solid bars, castings or forgings. 


Because the basis of Timken mechanical tubing is 
Timken alloy steel, it can be adapted to many pur- 
poses for which ordinary tubing would be inade- 
quate due to lack of the necessary combination of 
physical properties. 


Timken mechanical tubing can be supplied in grades 
of steel to meet practically any requirement as 
regards load-carrying capacity, shock resistance, 
carburization, heat-treatment and machinability. 


Timken metallurgists will cooperate in selecting the 
most suitable grade for your needs. 


In the manufacture of Timken mechanical tubing, 
the steel itself must first pass the numerous rigid 
tests which constitute the Timken system of qual- 
ity control. Then comes the forming process, 
which is carried out on the most modern type of 
piercing machines. 


Re-rolling for accuracy of size and shape follows, 
and finally the tubing is subjected to close inspec- 
tion and further tests for steel quality before being 
passed for shipment. 


Standard sizes range from 5g” O.D. to 10” O.D. 
inclusive. Timken mechanical tubing may mean 
large savings for you. Put your problems up to 
Timken technicians. 


THE TIMKEN STEEL AND TUBE COMPANY, CANTON, OHIO 


Detroit Chicago 


New York 


Los Angeles Boston 


Electric Furnace and Open Hearth 
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and an Invitation 


a. that has grown slowly and steadily over a 
period of many years, each year acquiring new cus- 
tomers and new friends, and each year keeping abreast and 
perhaps a little ahead of the many and varied developments 
in the industries served by it, must be built primarily upon a 
very sincere desire to serve. «© Such a business is ours. From a 
day in 1866 when the first crude testing machine was created 
by us to help a worried cast iron pipe manufacturer to prove 
the strength of his product, Riehle Bros. Testing Machine 
Company has endeavored to justify the confidence placed in 
its products by giving that extra something the world has 
chosen to call “*service.”” ¢ “*Service’’ as interpreted by us 
may be expressed by our desire to give to the industries we 
serve the best testing machines that engineering skill can de- 
vise; to work with those industries we serve to develop new and 
higher standards and new testing methods to prove these stand- 
ards, and to manufacture skillfully that those machines made 
by us may be produced of the highest quality and at reason- 
able cost. ¢ Riehle Bros. Testing Machine Company serves 
many varied industries—and strives to serve them well. « Ifyou 
who read this wish service relating to any of your testing prob- 
lems, write us—or visit us if you wish. We seek opportunities to 


be of real service to those industries which support this business. 


RiKEHLE BROS. TESTING MACHINE CO. 


1124 NORTH NINTH STREET 


CTOBER, 


1931 


PHILADELPHIA. 
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1 Photograph by John PP. Mudd 
for The Midvale Company 
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Dr. C. H. Herty, Jr. 
csburgh Experiment Station 
S. Bureau of Mines 


submicroscopic 


im steel 


Extracts from Sixth 
Campbell Memorial Lecture 
A.S.S.T. Convention, 193] 


NON-METALLIC inclusions in steel were 
discussed broadly by Dr. Herty. He subdi- 
vided the subject into (a) inclusions visible at 
2) diameters magnification, (b) particles in- 
visible at that point, and (¢) solid solution ma- 
erials. 
There is abundant evidence that particles 
Visible at 250 diameters exist in steel. As an 
sample of this, ladle tests on an acid open- 


earth heat in which the steel had been given a 
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special deoxidizing treatment showed absolutely 
no inclusions, but the forged material contained 
silicate particles. An analysis of the two spect- 
mens by the electrolytic method showed that 
the ladle test contained SiO. and that 
the section from the forging contained O.C21% 
Because silica is very slightly soluble in 
liquid steel, it was evident that the ladle metal 
contained silica so finely dispersed that it could 
not be seen at 250 diameters, and that this ma- 
terial had coalesced in the ingot mold. 

There are three general methods of deter- 
mining whether material is present ino solid 
solution in steel: (a) By determining whether 
the material diffuses through solid steel, (b) by 
metallographic evidence (rather than) proof) 
obtained at very high magnifications, in’ con- 
junction with chemical analyses of proved 
merit, and (¢) by changes in physical proper- 
lies of steel containing variable amounts of the 
constituent under consideration, 

It is well known that oxygen as FeO ts 
present as a solid solution in steel. The three 
methods of determining solid solubility all give 
a positive result, and, therefore, there must be 
noe question of the fact. There is no direct evi- 
dence for solid solubility of MnO, but as this 
oxide is quite analogous to FeO, we should ex- 
pect some solid solubility of this oxide. 

Prof. Edward De Mille Campbell's pioneer 
researches at the turn of the century on the 
diffusion of sulphur through stecl gave definite 
proof that sulphur has some solid) solubility. 
Researches of other investigators have also in- 
dicated some solid solubility for FeS and less 
for Mns. 

Rates of diffusion for various materials in 
solid steel have been determined by M. kK. Ziegler 


as follows: 


Material Rate of Diffusion 
Mos O<.0029 per hr. 
VinS + FeS 
ke ( R00 


There is no evidence of any appreciable 
solid solubility of SiO, or ALOU or of the sili 
cates or aluminates high in these two constil- 
uents. SiO. must be slightly soluble in 
steel, as evidenced by the silicon pickup inn thy 


acid open-hearth furnace. Its solubilitw in solid 
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steel is probably much too small to be meas- 
ured by any direct method. On the other hand, 
the facts that particles high in silica or alumina 
are not attended by ferrite banding after rolling, 
and that MnO-FeO stringers or silicates high 
in FeO and MnO do show such banding, are cer- 
tain indications that the oxides must be present 
in solution in the steel surrounding the in- 
clusions. 

As to alloy contamination, there is one set 
of variables not very often thought of, and that 
is the contamination of our plain carbon steels 
by residual alloys. In a survey carried on by 
the Bureau of Mines in cooperation with the 
Open-Hearth Committee of the American Insti- 
tute of Mining and Metallurgical Engineers, it 
has been found that there is an average com- 
bined total of Cu, Cr, Ni, Sn, and Va in plain 
carbon steel amounting to 0.15%. Surely as 
large an amount of material as this must have 
its effect on some of the changes which take 
place in steel upon heat treatment or hot or 
cold working. This is particularly true of tin, 
which hardens steel tremendously during hot 
working. 

The source of inclusions in steel has been 
repeated so often that it will be unnecessary to 
go into detail here. They may be traced to one 
of three sources: (a) Contact with refractory 
material, (b) non-metallic matter brought in by 
the charge itself, and (c) the most prolific source 
is the deoxidation process. In respect to (b) 
above, there is some evidence that non-metallic 
matter tends to build up in a closed cyele in 
electric turnaces which use their own scrap. 
This has been thought to be particularly true of 
a non-metallic which has not been mentioned 


up to this point namely, nitrogen. 


Dr. Herty then devoted a section of |; 
paper to the formation of inclusions during d 
oxidation, and showed how they are insep 
rable to the manufacture of steel and how th: 
segregate in the ingot. Various types of kille: 
and rimming steels are considered, and thr 
of his electrolytically etched macrosections ar 
shown on these pages and the next. He show 
how a steel which is well deoxidized in the fu 
nace will probably be much cleaner than on 
where too much dependence is placed on ladl 
additions, and also why it is more diflicult to 
produce clean, low-carbon killed steel than 
clean, high-carbon killed steel. He continues 

It is my firm opinion that if the manganes: 
specifications on most steels could be increased, 
the consumer would obtain a much cleaner 
product in a killed steel. The general manganese 
specification for low-carbon steels is so low that 
it is difficult to get enough manganese oxide into 
the metal to flux properly the oxides formed 
from the stronger deoxidizers. On account of the 
physical properties desired, in many grades o! 
steel the manganese cannot be raised unless 
some other element is lowered, but wherever 
it is possible to raise the manganese specifica- 
tion it would seem advisable to do so. 

Although the segregation of oxides and sul- 
phides may be modified somewhat by the 
method of crystallization and the type of the 
ingot, there are only two possible ways to pre- 
vent such segregation: (a) To cast the steel into 


such small ingots that the entire mass solidifies 


Section Taken From Skin to Center, Midway Between Mid 
and Top of 0.36 C Ingot. Killed steel deoxidized with sii 
spiegel and ferromanganese in furnace and ferrosilicon 
ladle. Globular silicates were pushed forward ahead © 
ing crystallites until free crystallization occurred, Lact 
phur segregation indicated that it was soluble in the liquid ste 
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iimost instantaneously, and (b) to produce a 


teel essentially free from suspended non-metal- 
i¢ particles and extraordinarily low in sulphur. 

A superficial survey of inclusions in steel 
vsenerally ends in the conclusion that there is 
present in the steel a considerable number of 
particles which are of a different composition 
from the iron-carbon alloy itself and which 
must affect the physical properties in various 
degrees. 

A difficulty which presents itself immedi- 
ately in looking at the problem of the effect of 
inclusions in steel is that we have very little 
knowledge of the properties of the base metal. 
It is almost impossible to find any reliable data 
on pure alloys of iron, carbon, and manganese, 
for example. The data on commercial plain 
carbon steels are, of course, voluminous, but 
these data include many variables in addition 
to the predominant components iron, carbon, 
and manganese. Therefore, we have little in- 
dication as to the possibilities of varying the 
physical properties by purifying the metal on 
a commercial scale. Furthermore, there are 
few data on steels in which non-metallic in- 
clusions are present in the maximum amounts 
possible. 

Consequently, we have little knowledge as 
to the limits within which commercial steel is 
made and it would appear at the outset that one 
of the most important contributions which 
could be made to steel manufacture and con- 


sumption is to determine whether steels are 


Dendritic Structure From Corresponding Portion 


small 


i 


u he r 


Ingot of 0.38. C Steel. 
addition of spiegel, and steel deoxidized 
ladle with ferromanganese, ferrosilicon, and 


alsife 


Carbon was held by 


Alumina segregation shows region 


free crystallization of steel) commenced 
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capable of being improved considerably in 
physical properties or of simply being made 
more uniform. 

In discussing the effect of inclusions visible 
at 250 diameters, Dr. Herty cites evidence to 
prove that failures of deep drawing material 
by ruptures parallel to the surface about 60% 
of the way to the center are due to non-metallics 
trapped among the secondary blowholes of the 
rimmed ingot. 

Another type of defect in deep drawing ma- 
terial is the apparent recrystallization of the 
Such a defect 


is probably connected with the normal action 


metal on severe cold working. 


of the iron-carbon-manganese alloy under these 
conditions. It is possible, however, that this 
condition of reerystallization might be accentu- 
ated by solid solution material. 

A great deal of stress has been placed on 
internal seams during the past few vears due to 
the physical specifications set with respect to 
bend testing, upset testing, and the severe con- 
ditions imposed on bearing surfaces because of 
the increased speed of machinery. Here, again, 
there is unquestionably a point at which size of 
seam is critical, but this critical seam size has 
never been defined by published experimental 
investigations. 

Internal seams are of two types — sulphide 
seams and oxide seams. Sulphide seams are 
usually associated with ghost lines, but oxide 
seams may be present in steels entirely free 
from this latter defect. 

Internal seams are due solely to the method 
of steel making, as shown in the figure on page 
12. This represents three practices of making 
steel, each rectangle representing the area of 


the step-down test, some 100) sq.in. of steel. 
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clusions present. The size of the inclusion ay 


pears to be of much more importance than th 
total amount of inclusions. 


An important exception should be noted 

an acid open-hearth alloy steel, a decided ris 


this point. In an investigation in progress o) 


in tensile and impact strength was noted whe: 
the open-hearth practice was changed and 

marked increase in cleanliness of the steel ac 
companied this change. A comparison of th 
physical properties and cleanliness of thes: 


steels is given below. 


Practice A Practice B 
Ultimate strength 121.500 127.000 
Elongation in 2 in 14.4 16.3 
Cross-Section of Billet of Rimmed Steel After Electrolytic Etch- . > D9 
Izod impact value 18.0 28.0 
ing. Zone of blow-holes, associated with increased metalloids, ier ; 
SiO. in steel 0.0266, 0.019 


and sometimes with an excessive amount of non-metallics, 
eceurs where free crystallization takes place in viscous metal 


The top represents heats made by deoxidizing 
with 2.500 to 3,000 Ib. of silico-spiegel, followed 
by a furnace addition of ferromanganese and 
an addition of ferrosilicon in the ladle. The 
middle diagram represents the same grade of 
steel, the amount of silico-spiegel being in- 
creased to 3.500 Ib. The lowest represents the 
step-down test from heats in which a smaller 
amount of ferrosilicon was added in the ladle 
than the first-mentioned heats. On these last 
heats ghost lines were plainly visible, and the 
number of seams reported increased tremen- 
dously, due not only to silicates but also to sul- 
phides, which segregated to a much greater ex- 
tent in this steel. 

An electrolytic etch is also shown on page 
il of a section of a O40 © shaft which con- 
tained numerous ghost lines and seams. In 
many of the ghost lines there were no signs of 
scams. A few seams occurred exactly in the 
center of the ghost line, but most of them were 
where there were no ghost lines. In this type 
of steel the silicates tend to segregate with the 
sulphur to some extent. In a more fully killed 
steel the sulphur and silicate segregation does 
not occur at the same point. 

Dr. Herty believes that the physical proper- 
lies of normally dirty steels do not vary to any 


marked degree with the total amount of  in- 
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These results, with those given for dirtict 
steels, would indicate that up to a certain point 
in cleanliness inclusion size important, 
whereas bevond that point the total amount of 
inclusions becomes a factor. 

It has been the general impression of in- 
vestigators in this field that inclusions do not 
necessarily lower the fatigue limit of a given 
steel, but that a dirty steel will give variable 
results and a clean steel uniform results on 
fatigue testing. 

The effect of material present in solid solu- 
tion appears to be most pronounced in the struc- 
tures obtained in iron alloys after various heat 
treatments, and probably involves not only a 
change in the iron-carbon diagram but also a 
change in the rate at which transformations oc- 
cur and in the diffusion of carbon through the 
metal. The immense amount of experimental 
work on abnormal steel has focused attention on 
this phase of the inclusion problem during thy 
past few vears. 

M. A. Grossmann, whose Campbell lectur: 
of a vear ago will be long remembered and 
much discussed, brought out clearly the effect 
of dissolved oxygen on carburized structures. 
attributing abnormality or normality to a tre 
mendous change in the diffusion rate of car 
bon through steel below the critical point. This 
change in diffusion was thought to be due to th: 


presence of dissolved oxygen. presenc 
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manganese mm amounts 
ve 0.305. apparently pre- 
ted the absorption of 
ven during carburizing 

thus slowed down. the 

normal structure — re- 


ilting. 

A point of interest here 
the carburized) structure 

a vacuum-melted and 
vacuum-distilled iron, shown in the micrograph 
below. This structure is quite different from 
ither a typical normal or abnormal steel. Th 
oxygen content of this steel was 0.0065). de- 
termination by hydrogen reduction. Vacuum- 
melted iron-manganese alloys showed a grad- 
ual change from this type of structure to a nor- 
mal structure, the most 
about 0.20%, 


urated with iron oxide in the liquid steel showed 


pronounced change 


being at manganese. Tron. sat- 
a completely abnormal structure after carburi- 
zation. 


Why the 


show a pronounced abnormal structure? It ap- 


vacuum-distilled iron not 


pears that Grossmann’s explanation does not 
cover this type of metal or that there are vari- 
ations in diffusion rates and crystallization 
characteristics not vet determined. 

The appearance of ghost lines in steel has 
been attributed by numerous writers primarily 
lo the crystallization of the ingot. It is unques- 


lionably true that large ingots “corner 


vhosts” are very difficult to climinate. Ghost 
lines due to segregation of metalloids may be 
climinated only by extremes in deoxidation and 


inethods of casting ingots as vet impractical to 


Carburized Structure of Electrolytic lron 
Vacuum Melted and Vacuum Distilled. Oxygen 
content: 00066, Magnification 500 diameters 


« 
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Ghost Lines tn a Shaft Sometimes lave a Seam 
in the Ve ry Center But Vi sf of the Seams Oh 


cul Elsewhere Rlectrolutic elch fall size 


the steel manufacturer. Ghost lines due to the 


segregation of non-metallic matter are, as 
shown in an earlier section, due to the segrega 
tion of sulphides and silicates. ts 
impossible to prevent micro-segregation of sul 
phides, although it is possible to prevent macro 
segregation, 

To demonstrate that deoxidation has a pro 
nounced effect on ghost lines, | will refer to a 
series of heats under investigation at the pres 
ent time where various amounts of deoxidizer 
were added, both in the furnace and in’ the 


ladle. When 0.07' 


spiegel, was added to the furnace, it was neces 


silicon, in the form of silico 


sary to add sullicient ferrosilicon to have the 
steel finish at least 0.15‘. silicon to prevent the 
formation of ghost lines. When the amount of 
silicon as silico-spiegel was increased to O.10' 
in the furnace, ghost lines did not appear until 
the silicon in the ladle was lowered enough to 
vive 0.00. silicon in the finished product, 

In both tvpes of deoxidation no evidence of 
ghost lines and very litthe sulphur segregation 
were found if the final silicon was kept above 
the limits given. When the silicon content of 
the steel dropped to these limits, sulphide seure 
vation increased and ghost lines appeared. The 
evidence points definitely toward the deoxida 
tion's preventing segregation of sulphur. In 
any event, ghost line formation due to sulphide 
segregation may be overcome by proper meth 
ods of deoxidizing the steel. The extent of ghost 
lines due to sulphur segregation resulting from 
incomplete deoxidation is shown in the shaft 
illustrated above. 

The same reasoning should apply to ghost 
lines which contain phosphorus concentrations 


There appear to be many conflicting data 
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on the effect of ghost lines on the physical prop- 
erties of steels. With such contradictory evi- 
dence on hand, it is obvious that no general 
conclusions may be drawn. 

There are practically no data available on 
the effect of submicroscopic or solid solution 
oxides on the physical properties of steel. The 
exceptions to this statement are the results of a 
considerable amount of work which has been 
done on the physical properties of iron satu- 
rated with FeO. The ductility, impact strength, 
and elastic limit decreased very sharply upon 
the addition of iron oxide to pure iron, but the 
ultimate strength was not changed. There are 
absolutely no data available on the effect. of 
manganese oxide or silica in solid solution, and 
from general experience there is only one prop- 
erty which very fine alumina particles appear 
lo affect that is, the ductility of cast steel. 

It would appear from the preceding re- 
marks that oxygen present in solid solution is of 
considerable importance in determining certain 
physical properties of steel; that finely divided 
inclusions have, with one exception, practically 
no effect; and, finally, that we know very little 
about this subject. 

Four general conclusions may be drawn 
with regard to the present status and ultimate 
solution of the inclusion problem. 

1. Before the inclusion problem can be 
properly evaluated it is necessary that a series 
of allows, free from sulphur and oxygen, be pre- 
pared, and that the physical properties of these 
allovs be accurately determined. This would 
serve as a base line for comparison of com- 
mercial steels and steel-making methods. 

2. From available data on various physical 
properties, it appears that large inclusions are 
much more harmful than small ones. Most 
metallurgical departments properly — inspect 
steel for dirt and cleanliness at 100 diameters 
magnification. 

3. Oxides and sulphides in solid solution 
are important when certain metallographic 
structures are to be avoided, or in some in- 
stances obtained. The difliculty of determining 
the amount of such solid solution material pres- 
ent in a steel has been, and will continue to be, 
an obstacle to the progress of this phase of steel 
treating and steel making. 


1. The steel maker supplies the consumer 


42 


Relation of Internal Seams to Method of Deowidation, 
Lines in each rectangle represent actual number and 
length of average number of seams in all step-down 
tests from heats made according to practices noted in 
text. The heavy line in center of each rectangle is 
average of longest seam each step-down test 


with steel to a given chemical analysis, com 
bined, in many instances, with a physical grain 
size, or cleanliness specification. Oftentimes 
the filling of one specification will make it very 
difficult to meet another, and it is on this point 
that the consumer should most certainly put 
considerable thought. higher manganese 
specification will) promote greater cleanliness 
and a higher silicon specification will give free- 
dom from at least one type of ghost line. The 
consumer is often entirely to blame for the kind 
of steel he gets because his specifications do not 
allow the steel maker to use available materials 
to the best advantage, and in some instances 
force him to use these materials to his own and 
the consumer's disadvantage. At some not too 
distant day the art of steel making will be super 
seded by the science of steel making, but the 
consumer must play his proper role in_ this 


change. 
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mew facts 
and 


mew uses 


CONTINUING interest is being displaved 

in the corrosion-resistant steels, especially 
those containing chromium and nickel, 
as is proven by the fact that no less than six con- 
tributions to the recent A.S.S.T. Convention con- 
sidered these alloys. Much of the discussion 
concerned the cause of the intergranular de- 
lerioration sometimes encountered in refinery 
equipment. However, new applications and 
data indicated a wider potentiality of useful- 
iess for the high chromium steels and others of 


inconventional analyses. 
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Turbine Blades, About 3 Ft. Longa, 
Drop Forged of Chromium-lron Alloy 
by Westinghouse Electric & Mfq. Co. 


A considerable quantity of 18-8 is being 
drawn into wire, and is being put to work where 
a high degree of corrosion resistance is needed. 
It therefore is competitive with plated carbon 
steel wire (which never has been highly re- 
garded) and monel metal or bronze wire. It is 
perhaps the only alloy steel that has brought to 
the industry any property not reproducible in 
high grade carbon steel wire, patented and cold 
drawn. This property is corrosion resistance, 
rather than high strength or toughness. 

W. H. Wills and J. K. Findley of Ludlum 
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Steel Co. Dunkirk, N.Y. while discussing 
“Manufacture, Properties and Uses of 18-8 Chro- 
mium-Nickel Steel Wire” point out that carbon 
must be held below 0.07). Rods in 50-Ib. coils 
are heated at 1.725) F. in hydrogen, quenched 
in water, pickled 60 min. in 10° HLSO., washed, 
limed, and baked. After three roughing draws. 


each of about 30°. reduction, another anneal is 


necessary. Drawing then continues in 
approximately 35°. reductions, two 
draws being all that the material will 
stand, whereupon annealing, pickling, 
liming, and baking are necessary. 
Very fine wires (0.018 to 0.008 in.) may 
be finished in as many as 12 diamond 
dics ina continuous bench. Fine wires 
are pickled in strong HCL at 1707 F.; 
in this condition the product has a 
“bright pickled finish.” “Soft bright 
wire” is annealed by drawing through 
a tube of hydrogen at 2.025. F. 

Cold work of wire drawing in- 
duces some of the austenite in the 
quenched rod to transform into ferrite 
and precipitate some carbide, thus increasing 
the electrical resistance, magnetism, and = cor- 
rosion in strong mineral acids and alkalis. Wire 
still resists salt water, fruit) juices, bleaching 
solutions, alum, and dilute nitric acid, and 
makes an excellent raw material for screens, 
wire cloth, screws and nails for filter presses, 
and other equipment in the chemical and paper 
industry. Steel cable for marine work is also 
in successful service; a stainless wire rope costs 
about five times as much as the best plow steel 
rope of equal strength. About half of the wire 
is drawn to relatively large diameter for weld- 
ing rod. Spokes for steel automobile wheels 
consume a small amount, 

The diagram on page 1) shows how the 
tensile strength of 18-8 compares with other 
common wires. Starting point was fully an- 
nealed 0.020-in. wire in all instances except 
curve 6 where the diameter at start was 0.192 
in. Approximately 75‘, is the practical limit 
of draw for 18-8; bevond that the material is 
erratic in test behavior. ‘Torsional strength of 
IS-8 is about 75‘. of its ultimate tensile strength. 
Its characteristic of rapid work-hardening 
limits its use in many upsetting or cold heading 


operations. 
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ELIEF held by power engineers that h 

chromium-iron are superior moe 
rials for turbine blades was further reinfor 
by Fuller's studies on “Endurance Prop 
ties of Some Well-Known Steels in Steam.” 1 
paper has already been printed in abstract 
Merat Progress in July (page 79) and the pr 


cipal conclusions were summarized in a d 


sheet in the same issue. When a 12!'.' Cr, 
alloy is heat treated to 100,000 Tb. per 
sq.in. ultimate strength, its endurance limit is 
61,000 Ib. per sq.in. In dry steam up to 700) 1 
this is affected but litthe, but wet steam is very 
damaging, inducing corrosion fatigue at any 
thing greater than 31,000 Ib. per sq.in. 

18-8 allovs have also been suggested for 
turbine blades. An extensive series of tests in 
dry steam at 3000 FF. (a common operating con 
dition) showed an endurance of approximately 
50,000 Tb. per sq.in. in the hot rolled condition 
Tempering at 1.2007 F. for 6 hr. reduced this 
figure about 10°), but heating at 1.9507 F. o1 
higher for as litthe as 1 hr. cuts the endurance: 
limit in half, and the damage cannot be cot! 


rected by extended heat treatments. 


INCE the stainless alloys are being intro 
duced into) machinery and = other parts 
which are liable to receive severe shocks at es 
tremes of atmospheric temperatures, their im 
pact strengths at temperatures down as low a> 
100) are important. Such data were 
ported among others by Robert Sergeson, Ry 
public Steel Corp. Canton, Ohio, in his pape 


on the “Behavior of Some [rons and Steels ln 
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Ultimate Strength, 1b per Sa./n 


60 


40 60 
% Reduction in Draft 


Strength of Various Common Metals 
in’ Wire Form, as itt Varies With 
tmount of Drawing Since Last Anneal 


der Impact at Low Temperatures.” The results 
for the high-chromium alloys are summarized 
in the graph at the bottom this page, where 1 
represents Enduro KA-2 (17.55) Cr, 9:25 Ni, 
water quenched from 1.950 F. to 
Brinell 143, 3 represents Enduro AA (18%. Cr, 
C) air cooled from 1500 F. to Brinell 
and 5 represents Enduro S (13.3% Cr, 0.10". 
() furnace cooled from 1500) F. and air cooled 
from 1.2007. Curves 2, 4 and 6 represent the 
respective materials in 1,'.-in. bars after being 
cold drawn one draft to 1-in. round. 

Since the 18 Cr steel exhibits crystalline 
fractures and brittleness until a temperature of 
S00 is reached, it should be gently warmed be- 
fore flanging and also used at moderate tem- 
peratures if it is to resist shock. Mr. Sergeson 
notes some satisfactory trials of this material 
in locomotive firebox side sheets. The 13°. Cr 
allow is intermediate and is especially good at 


ttmospheric temperatures. 


QO" REFINERY equipment operates upon 

such a variety of materials, and uses such 
' variety of processes (temperatures and pres- 
sures) that its construction involves some in- 


iriciate problems in the selection of metal. R. 
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L.. Duff, chief metallurgical engineer of Stand- 
ard Oil Development Co. in a paper on “Corro- 
sion Resistant Steels” emphasized that it was 
sometimes economical to build of ordinary steel 
and iron and endure replacement. When a 
process had been stabilized (so the equipment 
would probably wear out before becoming obso 
lete) and required the handling of corrosive 
products or high-sulphur crudes at high temper- 
ature or pressure, then the designer should 
balance high first cost and good operating ef- 
licleney secured by special alloys against free- 
dom from frequent replacement, high insurance 
and inspection costs, which must be endured if 
conventional materials were selected. It is com- 
mon to tind that carbon steel tubes in cracking 
stills must be replaced after 2,000 hr.; 18-8 tubes 
might last over 10.000 hr. 

Most refinery engineers would welcome a 
low-alloyv steel, intermediate in cost, vet worth 
the extra. Mr. Duff noted that a 3'.' nickel 
steel prolonged the life of still bottoms one- 
third. Another promising corrosion-resisting 
allov is a f to 6%. chromium steel. one 
Standard refinery it has given three times the 
life of carbon steel tubes, although it has no 
marked advantage over the carbon steel in 
creep strength at operating temperatures, tough- 
hess, or resistance to oxidation by flame. 

On the other hand, even higher allovs have 
warranted their cost for certain extra-severe 


duties. One containing about 15‘. Cr and 35°. 


Impact Strength of Stainless Allous 
in the Ranae 100 to + 500° F. 


(hearpy Impact, foot-Pounds 


100 0 00 200 300 400 
Degrees Fahrenheit 
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Ni has been found to be especially good to re- 
sist oxidation in fireboxes, but even this breaks 
down rapidly when high-sulphur fuel oils are 
burned. Equipment made of 20° Ni&‘ Cr has 
also given a good account of itself when han- 


dling hot bottom products and sour distillates. 


I> ELEVATED temperature service, especially 

in oil refining, an overheated 18-8 tube fails 
Without a warning bulge or appreciable ductil- 
itv. Hh. D. Newell, chief metallurgist, Babcock 
& Wilcox Tube Co., Beaver Falls, Pa., has there- 
fore studied the ductility of this alloy in those 
temperature ranges where such failure 
is likely to occur. Some of the results 
were presented in a paper on “Influ- 
ence of Grain Size on the Properties 
and Corrosion Resistance of the 18-8 
lron-Chromium-Nickel Alloy for Ele- 
vated Temperature Service.” 

His photomicrographs show that 
the fine grain of cold drawn alloy is 
progressively enlarged by both time 
and temperature at or above 1,850 
Subsequent: reheating for 150 hr. at 
1.200) does not cause further grain 


growth. Mr. Newell's studies indicate 


Rapid tensile tests at elevated temperatu 
indicate that 18-8 alloy containing 0.05°, 
holds nearly all its ductility up to 14007 F. aft 
150 hr. at heat, as long as the previous quenchi 
temperature is 1.900) F. or less, which results 


but moderate grain growth. Creep strength, a 


cording to other investigators, is not harmed | 
a somewhat coarsened grain. 

A combination of high creep strength and 
good ductility at elevated temperatures and 
high corrosion resistance is therefore to be si 
cured by using a low-carbon alloy having re! 


atively fine-grain. The latter requirement 


that the increased corrosion after the Corrosion Test on 18-8 Containing 0.14% 


Carbon, 
quenched from 1,900, 2,100 and 2,300° F, re- 
spectively and reheated 150 hr. at 1,900 


latter treatment is due to the loss of 
grains from the surface, loosened at 
their edges by boundary attack. This 
is ascribed to the fact that precipitated 
carbides have gathered there (and these are 
photographed), and surrounding metal is de- 
pleted in chromium. Granulation at the sur- 
face in contact with the corroding medium is 
promoted by extra carbon in’ the alloy, by 
coarse grain size (a lesser amount of surface 
per unit volume), and by long heating at 1,000 
to Lower heating results in no dam- 
ave because carbides cannot migrate; higher 
heating tends to repair the damage by permit- 
ting the corrosion-preventing chromium to dif- 
fuse from grain interiors to depleted grain 
shells. This effect was especially netable in 
metal containing 0.14) C and is shown in the 
accompanying view, actual size. All of these 
samples suffered attack after 3 hr. in’ boiling 
10°, TLSO,, even the hot rolled piece. Loss of 
fine grains from its surface gives a dull mossy 


appearanec, 
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As rolled at left. Others were 


means that high temperature treatments after 


mechanical work must be avoided. 


HIS INTRICATE PROBLEM of deteriora- 

tion of 18-8 and related alloys has been 
studied intently by Dr. V. N. Krivobok of Car- 
negie Institute of Technology, Pittsburgh, and a 
humber of graduate students in that institu 
tion’s Bureau of Metallurgical Research. It is 
frequently supposed that if the alloy is mag- 
netic it will also corrode. In a contribution to 
the convention entitled “Furthe: 
Studies on Chromium-Nickel-Iron and Related 
Alloys” these workers described alloys contain 
ing 0.01 to 0.08% carbon which are not corroded 
by 100 hr. in boiling copper sulphate and sul 
phuric acid after any heat treatment, notwith 
standing the fact that they may have magneti 


susceptibilities as high as 200.) Krivobok con- 
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ides that long annealings at 1,200 to 1400 F.. 


‘ich are most damaging to commercial alloys 
ntaining 0.06 to 0.22. carbon, cause a preci- 
tation of carbide and its migration and accu- 
ulation at grain boundaries. Simultaneously 
hromium, nickel, and carbon are diffusing 
from solid solution toward regions impover- 
shed by the carbide formation. The former 
ction has most to do with intergranular corro- 
sion; the latter has most to do with the mag- 
netic properties. 
Boiling copper sulphate and sulphuric acid 


is a very severe corroding medium, and its re- 


Stondard Oi Co. of Ohio 


sults are difficult to evaluate quantitatively. The 
authors have found that 10°. HCl at room tem- 
perature gives uniform results which can be 
plotted as loss in milligrams per square centt- 
meter against time, and the results hold a 
definite relationship to the magnetic suscepti 
bility. Loss in weight in HCI also agrees with 
the result of extensive studies on the effect of 
corroding atmospheres at high temperature on 
IS-S under stress. Consequently, the authors 
‘ccommend that) magnetic susceptibility be 
taken as an approximate measure of the liabil 
itv of commerical allovs toward intergranular 
decomposition, 

Granted that carbide precipitation is the 
cause of deterioration, the obvious remedy 
would be to keep the carbon within the solu- 
bility limits of iron-nickel-chromium solid solu- 
tion. This is so low (approximately 0.055) ©) 
that it cannot be done commercially. The next 
best thing is to keep the carbon as low as possi- 
ble. Even though the alloy with 0.065 C is not 
immune, the range where decomposition OCCURS 
is narrowed and its upper limit reduced. For 
instance, such an alloy is safe for indefinite 
stays at 1.60007 whereas a C 18-8 will 
quickly deteriorate at that temperature. 

Some uses require the maximum possible 
strength, and for these the carbon cannot be re- 
duced indefinitely. The correct method of ap- 
proach would then be to add elements which 
would increase the solubility of carbon at all 
temperatures or resist migration of carbides. 
Copper and molybdenum are clements with 
these properties. They also increase strength 
and creep values. Phase changes seem to be ef- 
fectively suppressed in a 0.135. C 18-8 contain- 
ing Tot Cu and Mo; its magnetic 
susceptibility is 2 or less and it resists acid at- 
tack after long stays at 1.200 or 1.4000 Lesser 
amounts of these two alloying metals appear to 
limit the dangerous temperature ranges in the 
same way as described above for low-carbon 
high-chromium alloys. 

IS-S with added alloving clements have 
been studied, but the field is almost limitless. 
Additions of copper or molybdenum alone up 
to 3°) do not seem to help avoid decomposition 
or prevent phase change. A combination of the 
two seems to be required, although the test re 


sults must be interpreted with care 
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wist Drills 


proving 
their 


quality 


MUCH has been written in the last 30 

vears about the improvement of tool 
steels, and very much indeed has been accom- 
plished in that direction. A reader of the 
literature would assume that nearly all of the 
work has been done on lathe tools, since little 
has been said about the other varieties of cut- 
ting tools, such as drills, milling cutters, taps 


and reamers. As a matter of fact, these far 
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more intricate and precise tools have had a 
development corresponding to that enjoved by 
their more rough-and-ready relatives used in 
lathes and planers. 

Nor are the leading manufacturers of thes 
small tools convinced that their product has 
vet reached perfection. Extensive research pro- 
grams are investigating many aspects of thy 
product. As an instance, Morse Twist Drill & 
Machine Co. at New Bedford, Mass., enters its 
67th vear with enough developmental problems 
current to occupy the entire time of a staff of 
six engineers and researchers. Ample special- 
ized equipment enables this organization to 
measure definitely the performance of any set 
of tools, and to appraise correctly the resultan! 
of any variation tin manufacture or design pro- 
posed as an improvement over the standard 
practice. This article will endeavor to indicat: 
how these tests are performed on twist drills 

It may be noted that improvements in small 
tools come about by changes in materials, in 
outer form (design), or inner structure 
During vears gone by, important changes hav: 
been made in the steels used, the fluting, and 
the heat treatment items typifving each o! 
these three main classifications. We may profil 
ably consider them more in detail to indicat: 
the directions in which present researches at 
progressing. 

Prior to the advent of high speed. steels 


small tools were ordinarily made of plain hig! 
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Series of Drills at Beginning of Test 


carbon crucible steels (1.10 to 1.20‘. carbon). 
This type is still largely used; in recent years 
O40 to 0.605 chromium has been added to 
avoid) black fractures (excess iron carbide 
breaking down into iron and free carbon) and 
to increase the depth of hardening. Vanadium 
(0.15 to 0.25'.) is also added to toughen the 
tool. “Non-shrinking™ steels are also used for 
laps and dies. 

High speed steels found slow footing in the 
field of drills, reamers and the like, but in 


course of time the conservatism of the old ma- 


Drills as They Appeared After Testing 
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chinists has been overcome. An evolution in 
the latter class is now under way in the cobalt- 
bearing high speeds; when the analysis contains 
as much as & the tools are hard and tough 
enough to negotiate Hadticld’s manganese steel, 
and many other tough, abrasive alloys and non- 
metallics, and these steels are undoubtedly a 
great advance in metal suitable for forming into 
special duty tools. 

Preliminary tests on each shipment of steel, 
before it is put into production at the Morse 
plant, consist of a complete chemical analysis, 
a deep acid etch, hardness before and after 
hardening, and size and distribution of car- 
bides in the steel as received. Furthermore, a 
dise is hardened in the regular production, and 
the fracture examined. Drills smaller than. 'y 
in. are made of ground rod or wire, and each 
piece is inspected minutely for surface condi- 
tion. The object of this work is, of course, to 
insure that the steel is as close as possible to 
the tvpe regarded as ideal for the tools to be 
made — that is to say, “ideal” in the present 


state of knowledge. 


Mechanical Improvements 


As an illustration of the way drills are be- 
ing improved by refinements and changes in 
design (the second category noted above) it 
may be mentioned that the drills, not so long 
ago, were made from flat stock and without 


spiral grooves. Now-a-dayvs even the smallest 


49 


5 
£ Z ait 
Es 
| 

ul 

. 
j 
4 | | 

A 
| | 
; 

» 
a 

t 

| 

ce 
Pe ¥ 

& 

ag: 

‘ 
a8 Sue See gus 

> 


ones are studied to give them correct. spiral 
angles, shape and area of groove, web thick- 
ness, clearances and surface finish. 

Such matters as these (being non-metallur- 
gical) need not be discussed at length in Merat. 
Procress. It is worthy of emphasis, however, 
that twist drills are being made with a contin- 
ually increasing accuracy in dimension, and it 
is surprising to find some users (who are anx- 
ious to get the most out of each tool) permitting 
their mechanics to grind drills by hand on a 
loose wheel, instead of insisting on the use of 
fixtures which insure that the drill point is 
maintained in the exact center, where it must 
be for satisfactory performance. As a matter 
of fact, innumerable laboratory tests show that 


when a good tool is properly ground the pene- 


Precision Equipment for Drawing the 
Torque-Depth Curve on Drill During Test 
and for Measuring the Point Pressures 


tration after, say, the sixth regrind is grea 
than on the first or second — provided only {| 
the grinding is correctly and accurately \ 
ried out. 

Improvements in heat treatment (the th 
possible approach to perfection in small too! 
continue. The human eve pyrometer and cos 
fired furnaces have long since been entire! 
superseded by automatic control, gas, oil \ 
electric furnaces held to within 10° at the hig! 
heat. Atmospheric control (either by use o! 
salt, lead or oil bath, or gas control in gas o: 
electric furnaces) is common. Normalizing ((o 
convert the spheroidized structure easiest to 
machine, and to readjust internal stresses) prio: 
to cutting the thread on taps, and thus minimis 
ing dimensional change in subsequent harden- 
ing, is now commonly practiced. 

Only recently has it been discovered that 
the atmosphere in a high heat muffle has an 
influence on the toughness of a tool, as well as 
upon its surface condition —a matter which, 
of course, is under further investigation. Ex- 
tensive studies at the Morse Twist Drill & Ma- 
chine Cows plant are also under way on the 
influence of various factors in the drawing op- 
eration, such as temperature, time at tempera- 
ture, and multiple or repeated draw. 

While standardized treatments of standard 
analyses are ideal from production stand- 
point, experience indicates that special purpose 
tools can be produced satisfactorily by varia- 
tions in the tempering schedule; such special 
tools are generally indistinguishable by hard- 
hess or other quick inspection tests, but un- 
questionably have a superiority over stock tools 
when run in the specialized conditions for 
which they are adapted. 

These preliminary remarks indicate the 
infinite number of variations which may be 
possible in adjusting a manufacturing program 
with the idea of producing an improved twist 
drill. The next question is, how can the effect 
of all these operations be integrated and eval 
uated in a figure which has some relation to 
performance in a customer's plant? 

A general indication of the variation in 
working conditions is gained from a test in a 
special efliciency machine, shown on this page. 
manufactured by Tinius Olsen. It is adapted to 


draw automatically a curve giving the varia 


METAL PROGRESS 


|: 
ae 

ia, 

$4 

+ 

F 

} 
ra 
| 

| 

h 
4 

tow 

- 

} = 

| 

50 


Torque-Depth Curves for 1-In, Drills Working Respectively 
in’ Aluminum, Cast Tron, Machine Steel, and Alloy Steel 


lion in torque as the drill penetrates. Point sure was much higher: 1,000 Ib. Torque in- 
pressure is shown on a dial gage, read from time creased fairly steadily with deepening hole, 
to time by the attendant. Some representative reaching a maximum of 695 in-lb. 
curves are reproduced, showing the wide dif- Intermediate between these extremes are 
ferences in operating conditions which must be curves showing the stresses in a l-in. drill of 
met. Similar curves are drawn in all competi- carbon steel when drilling cast iron and ma- 
live tests. chinery steel. Speed in cast iron was 100 r.p.m.; 
Four curves are plotted on the same sheet, point pressure, 875 Ib. Torque of 325 in-lb. was 
the origins being shifted slightly upward to quite steady and increased not at all with deep- 
ivoid confusion, All drills were 1 in. diameter, ening hole. A similar drill in machinery steel, 
and the feed was always constant, 0.010 in, per at the same speed required point pressure of 
rotation, 1,050 Ib. Torque showed a tendency to increase 
High speed drills were used on both alu- to a maximum of 190 in-lb; the most marked 
minum and toughened chromium-nickel steel. chacteristic, however, is the rapid fluctuation at 
Point) pressure when working in aluminum the extreme depth of hole. 
varied from 500 to 800 Tb.; the speed was 440 Final evaluation of a drills excellence is 
rpm. the torque quickly rose to 150) in-lb. made by actual drilling tests. Suppose a new 
vhen the tool was properly bedded, and then heat treatment schedule for |¢-in. drill is to be 
nereased gradually with deepening hole to a investigated. A certain proportion, selected at 
naximum of 215 in-lb. Rapid variations in random from a tote pan of appropriate tools 
lorque, noticeable on other curves, are absent. coming from the last machining operation, is 
When drilling the alloy steel billet the speed laid aside and given the desired processing. 
vas reduced to 170 r.p.m.. but the point pres- After heat treatment, cleaning and grinding, six 
CTOBER, 1931 51 
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tools from the normal run and six tools from 
the special run would be selected by the head 
of the research department. 

First, these tools would be carefully in- 
spected, measured and tested for hardness, to 
assure that each tool conformed to the toler- 
ances permitted by commercial considerations, 
or by the special conditions of the test. Then 
three of each set would be put to work, the 
other three reserved for reference. 

Test drilling is done in one of a battery of 
special drill presses, rugged machines, capable 
of steady performance at great overloads. Each 
machine is driven by a direct connected motor, 
and an ammeter and voltmeter are mounted 
in the direct vision of the operator, so that 


variations in power input can be instantly noted. 
Routine of Tests 


A succession of holes are now drilled in 
2-in. billets of S.A... 3240 steel. (Larger drills 
would work on 3-in. slabs of the same material; 
small drills on 1-in. plate.) This “armor plate.” 
carefully heat treated to Brinell 241 to 271, is 
adopted because it is the toughest variety of 
steel readily procurable with the desired uni- 
formity. While it is seldom if ever encoun- 
tered in a production job, Morse engineers be- 
lieve its use for test purposes is justifiable, 
because it shortens the time to breakdown to 
a reasonable degree. As it is, @ comparative 
test is seldom completed within 10 days of con- 
tinuous drilling. 

Rotations per minute are figured on the 
basis of 50 ft. per min. peripheral speed. For 
a |o-in. drill the test would be conducted at 
200 r.p.m. and a feed of 0.0075 in. — very rapid 
work on such tough plate, the best tool requir- 
ing regrind after about 20 linear inches of hole. 
Soluble oil is used for lubricant. 

Test routine would be to drill three holes 
with the first drill, remove it and drill the next 
three with No. 1 drill of the other set; then 
three with No. 2 of the standard set, three with 
No. 2 of the comparative set, and so on in con- 
tinuous alteration and procession. In this way 
unavoidable variations in operating conditions 
are equally distributed among the tools under 
test. A principal variation would be a change 


in hardness of the test block, edge to center of 
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the slab. The routine described insures 
each tool would get its share of a tough e 
or a soft center. 

Drilling is continued in this manner up|! 
all the tools have dulled and require regrind 
(notations being made of the total depth drilled 
by each tool). All tools are then sharpened 
on a Sellers drill grinder, and the whole 
formance repeated. In fact, the test is not c 
sidered complete, and totals added up, until thy: 
tool has been dulled for the sixth time. If o 
of the tools should break, or sliver back so tly 
stub end can no longer be used, it is regarded 
as being still in the test, its performance being 
rated zero for all subsequent grinds. This is 
considered justifiable because the testing condi- 
tions, although severe, would not smash a firs! 
quality drill. 

Evidence that a drill is dull is adequately 
gained from one or a combination of three ob- 
servations. When the drill stops cutting an 
starts “wearing” out the bottom of the hole th: 
ammeter needle immediately indicates a con- 
siderable jump in the power input. Again, a 
drill in good condition will throw out a long 
curly chip from each flute — any variation in 
amount or appearance of cuttings from the two 
sides indicates that the tool is coming to an end 
of its useful life. Furthermore, a dull tool, even 
in a rigid, strong drill press, is much too noisy, 
and emits unmistakable and heavy chattering 
sounds. 

The table shows results of a recently com 


pleted test on four sets of |}-in. drills. 


Depth Drilled Average 
Grind — Hardness 
SetA | SetB | SetC | Setd | of Billets 
f 54 42 38 21 269 
2 65 60 56 56 Xx 269 
5 74 43 37 45 x 262 
4 39 55 25 es Y 269 
bs 194 128 55 18 x 24) 
6 176 96 60 46 a 24) 
Tota/ Depth; 602 404 251 189 
Total Usage | 5.0in. | 6.56in. | 7.62in. | 10.06in. 


On first glance it might seem that the vari 
ations in the drilling after the individual grinds 
are so great that valid conclusions cannot | 
drawn. However, closer inspection reveals tha 
A turned in the best performance in each tes! 
and had the highest total; B with the next high 


est total was second in each test except th 
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d:; and © with the third highest was third 


un tested after four of the six grinds. This 
sistency is a pretiv sure indication that the 
lls represented by Set A are not only better 

n the others, but are superior to Set C. 

Set D is included because after the third 
nd one of the drills broke; and the subse- 
ent figures give the actual performance of 
lv two drills. Low results obtained for the 
rst two grinds justify the conclusion that this 

icture was not a piece of bad luck, but an 

dication of inferior quality. 

Variation of work done with minor varia- 
ions in the test block is also clearly indicated 
by the figure in the table. Toward the end ot 
the third grind the supply of test billets was 
exhausted, and pending arrival of a new ship- 
ment, some steel which conformed to chemical 
and hardness specifications was secured from a 
second source. Despite its proper hardness, this 


steel was at least one-third harder to drill than 


The Testing Department in the Plant of the Morse Twist 
Drill & Machine Co., New Bedford, Mass., ls Devoted t 
the Investigation of the Cutting Efficiency of Tools 
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the lot formerly used. The new supply from 
the old source, on the other hand, which Brin 
elled 211 
to cul! 


billet to billet. however, do not affect the final 


instead of 269, is more than twice as 
Such variations in machinability, 
rating when the drills are properly used in ro 
tation every three holes. 

A scientist might object to the above de 
scribed test because the results are relative and 
cannot be interpreted except in the light) of 
figures secured for a set of standard tools in- 
serted in each test. Continued testing of stand- 
ardized tools seems to be a wasteful repetition 
of work. The pragmatist rejoins that by means 
of such tests, continued over a period of vears, 
the Morse organization has not only been able 
to perfect its own manufacturing technique, but 
has built up a body of experience which enables 
it to develop promptly special tools for special 
duties as need for them arises in the customers’ 


plants from time to time, 
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A paper read at 
A.S.S.T. Convention 
Boston, Sept. 1931 


DURING the last few vears much prog- 

ress has been made in the fabrication of 
extra deep drawing automobile sheets as well 
as in the art of stamping intricate shapes from 
this material. But the art of testing it has made 
no progress. Attempts are made by some con- 
sumers to evaluate the quality by certain tests 
which have proved to be fairly responsive, but 
the fact remains that very often, notwithstand- 
ing an excellent test or run of samples, the steel 
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in question would give an unexpectedly high 
breakage. 

Different consumers use the Rockwell hard- 
ness test, either alone or in combination with 
cupping tests. Elongation of a tensile specimen 
is also thought to indicate quality. 

Let us first consider, from a mill metallur- 
gist’s point of view, the problem of meeting cer- 
tain requirements for extra deep drawing stock, 
stated by the above tests. The principal opera- 
tions affecting the physical properties of sheets 
are (a) hot rolling, (>) normalizing, (¢) box an- 
nealing, (d) cold rolling, (¢) the steel itself, and 
(f) its age. 

A commercial sheet for extra deep drawing 
would aim for a certain ladle analysis, but, in 
my opinion, non-homogeneity of the steel ingot! 
going clear through to the individual sheet and 
consecutive sheets, is the biggest factor in creat 
ing non-homogeneous lifts of sheets. 

Representative conditions caused by segr 
gation would show carbon 0.10 at top of ingot! 
0.05° at bottom; manganese 0.38: top and 
0.35. bottom; phosphorus 0.018 and 0.008 
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ectively; and sulphur 0.015 and 0.020°,. 
jhcre is a further variation due to whether the 

1 was the first or the last to be poured, the 

er ingots having the carbon around 012°, 

he top and the other elements correspond- 

ly increased. To the steel maker meeting a 
carbon bracket of 5 points, this range would 
represent an excellent heat. But consider the 
effect of this variation of carbon upon the phys- 
ical properties. 

Upon normalizing, this typical ingot would 
vive a range of probably 12 points of Rockwell 
hardness, the bracket going up or down depend- 
ing on the normalizing practice, and the width 
of the bracket depending purely upon the car- 
bon spread. Annealing accentuates the effect, 
softening the lowest carbon sheet more than the 
highest, thus enlarging the bracket of hardness 
value noted on annealed sheets. Hence, in this 
typical ingot would be found sheets varying 
from, say B46 to B58, or from B35 to B50, or 
from B26 to B45, according to the normalizing 
and annealing conditions. 

This definite unchangeable range of hard- 
ness in any lift of sheets cannot be changed if 
every sheet is given the same processing. 

Any sheet steel manufacturer who is given 
a certain hardness specification to meet ques- 
tions whether the customer is aware of the mini- 
mum and maximum values in a lift of sheets 
which he has found to give satisfactory results 
in the press. Probably he has tested the hard- 
ness of two or three sheets in that lift, and if 
these and other tests on other lifts were about 
the same he might assume that the whole lift 
was of the same hardness. This is fallacious. 
ltis very probable that in such a lift there would 
be 5 to 10% with a hardness of B55 where B40 
to BOO was specified and where the test showed 
a value of B46. 

It is practically impossible to obtain con- 
sistently ingots of steel where the carbon would 
be in the range, say 0.05 to 0.10", but even if the 
arbon range were to remain consistently either 
‘igher or lower, a hardness range of B40 to B50 

uld be obtained by suitable normalizing prac- 
‘ice alone. The question arises whether this 
vpe of sheet would be always suitable for very 
ifficult stampings. The author's experience is 
iat it would not. 
In the most intricate stamping the softest 
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and most ductile sheet would respond the most 
freely to the dies. A sheet that is normalized 
only is not the softest, for any system of cooling 
with the present type of normalizing furnace 
cannot duplicate the softening effect of the box 
annealing furnace. As pointed out, box anneal- 
ing softens, but also widens the hardness 
bracket, and it can be seen that a range of 10 
points of Rockwell, if specified, draws a very 
strict line which it is impossible to meet con- 
sistently, 

In the cupping test there is again a differ- 
ence due to chemical composition, but the per- 
centage variation is not so great. 

Taking the typical ingot previously men- 
tioned, the high and low readings for a nor- 
malized 20-gage sheet would be about 10.00 mm. 
to 10.60 mm. After annealing this spread ts in- 
creased, and the cups would be greater, say 10.60 
to 11.10 mm. for sheets from top and bottom of 
ingot, respectively. 

As to the tensile test: It is the author's ex- 
perience that the softest sheet will probably give 
the highest clongation. The word “softest” is 
used advisedly, for excellent clongation might 
depend more upon the orientation of the grains 
after annealing than upon other factors. Taking 
concrete figures: 380°. elongation in 8 in. for a 
2°,-in. wide specimen can be attained without 
any annealing from the bottom of the typical 
ingot, but not so easily from the top. With fair 
annealing, a figure of 35°) could be obtained 
with a low-carbon sheet; good annealing would 
give this figure with the high-carbon sheet. 

A very good idea of the quality of annealing 
can be obtained by watching the flow which 
takes place in the specimen under a_ tensile 
stress. This was explained at length by Messrs. 
Winlock and Lavergne in Progress for 
September, page 90, and is really more of a 
criterion of the “flowing” quality of the sheet 
than is a value for the elongation. 

It is also fairly well established that the 
elongation varies with the dimensions of the test 
piece. Sheet steel is a low-carbon steel and, 
commanding no premium for quality, it cannot 
be highly refined. There are apt to be small 
areas of sulphide or dirt inclusions whose effects 
would be more pronounced in a !.-in. wide 
specimen than in a 3-in. specimen. Is it not 


then somewhat fallacious to derive a standard 
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of quality of a sheet, measuring, say 36X75 in. 
from a tensile specimen measuring es- 
pecially when the most severe draw on this par- 
ticular sheet is probably toward the end of the 
sheet where the damaging inclusions are the 
least likely to occur? 

In summation of the foregoing: It is not 
enough to state a plain figure in any test, even 
though qualified by the words “max” or “min.” 
as it does not indicate the relationship of the 
properties of the specimen tested to those in- 
herent “flow” properties which are desired. 

The author’s experience leads to the follow- 
ing conclusions based upon tests performed on 
material during and shortly after the finish of 
the processing: 

Rockwell hardness test is very consistent 
and shows markedly the agreement or deviation 
from the ideal of the specimen tested, when the 
chemical composition is known. It is rapid and 
allows of a comprehensive exploration. Check 
blocks for all ranges of hardness allow quick 
verification of the accuracy of the machine. The 
liability for personal error is small. 

When the Erichsen machine is in correct 
condition, results can be obtained consistently 
with only about 2°. variation, but the softening 
effect of annealing after normalizing is not 
demonstrated as definitely as with the Rockwell. 
However, unaccountable variations have been 


encountered in the depth and shape of the cup 
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with the machine in apparently perfect or 
The Erichsen test does show a differenc: 
Nowing characteristics of sheets but the nun 
ical values do not change much for a big dif} 
ence in workability in the sheet. 

The machine has been manufactured \ 
certain arbitrary contours as regards the | 
and the back and front dies, and one wond 
how to determine when the machine has « 
veloped enough wear to make the results 
tained appreciably at variance with those fr 
a standard machine, especially as to align 

If it can be safely assumed that the machin 
is accurate, this test is very useful inasmuch as 
a sheet can be explored very easily. The tiny 
required to make a test is very small. 

As to elongation: A larger variation in fic 
ures for clongation can be found from the san 
sheet where everything should be the same than 
in the preceding tests. Also, if several sheets 
be taken from the same part of an ingot and 
processed identically, quite a difference can of 
ten be found in the corresponding clongations; 
one would average 335‘., the other 38°). Both 
values would be classified as good, but such 
variations preclude the use of this test for eval- 
uating the efficiency of the mill treatment. It is 
also an every-day occurrence that sheets with 
a big variation in Rockwell values have the sany 


elongation. 
Most Useful Test 


The best combination of tests would be a 
chemical analysis and the Rockwell hardness o! 
the specimen examined (when the inherent re- 
lationship between the above two factors of an 
ideally annealed sheet has been established). 
if other factors did not assert themselves befor: 
the sheet is fabricated, namely, cold rolling and 
subsequent aging. 

It is generally assumed that cold working 
increases the elastic limit, vield point, and ult 
mate stress. This is undoubtedly true for a con 
siderable amount of cold work after the spe 
men has fully aged. But what happens wil 
small reductions, which is the practice for ext 
deep drawing sheets? The table on page - 
shows the properties found in a sheet split long 
tudinally, one half tested in the annealed las 


condition (showing stretcher strains at the vie! 
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point) and the other given enough cold rolling to 

id such strain markings. The anticipated in- 

ase in strength and hardness and reduction 

ductility do not appear; the biggest variation 
is in the vield point, which decreases rather than 
mcreases, 

The above table represents the values we 
would expect to get after enough cold rolling 
to insure against stretcher strains for about one 
month. If it is anticipated that a longer period 
will elapse before the material is to be used, a 
correspondingly greater amount is done, which 
will show an increase in the vield point and a 
smaller increase in the ultimate strength, but it 
takes a great deal of cold rolling to raise the 
vield point to a figure equal to that in the an- 
nealed last condition. 

These figures will probably be accepted with 
reservations by many due to the fact that in 
most cases the time element is never taken into 
consideration in testing cold worked metal. The 
figures quoted refer to tests made on the same 
day the cold work was performed. 

An approximate relationship has been 
found by the author between the vield point and 
the ultimate stress according to the final opera- 
tion as follows: After normalizing, 70°. ; after 
normalizing and annealing, 62 to 65‘. ; after nor- 


malizing, annealing, and cold rolling, 50 to 55‘<. 


Aging of Steel Sheets 


Aging is a peculiar property of some steels 
Which has had to bear the onus of many unsatis- 
ctory performances due to unknown causes. 
very little is known precisely about it and the 
woner something is found, sheet steel manufac- 
re and use will be much simplified. Two 
ings which determine whether aging will take 
lace and its extent are apparently 
(1) Some factor inherent in the steel 


(2) The deformation to which the steel has 
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5 5 already been subjected. 


In the experiments 
performed by the author 
b 27, 5OOIE upon this subject three 


ave methods of testing were 


57% é used: tensile. Erichsen, 


and Rockwell, it 
was found that the test 
values for subsequent 
intervals (lirst tests were made on the same day 
the cold) rolling was) performed) cither  re- 
mained constant or decreased. In but a few 
instances they increased. 

It was considered that the personal error on 
manipulating the tensile machine was too great 
to follow any changes due to aging, vet within 
two days a noticeable change had occurred in 
the vield point. The ratio of vield to ultimate 
strength increased gradually until it approached 
What would be expected of a straight normalized 
steel sheet. 

Only where a great deal of cold work was 
performed was there a Very appreciable de- 
crease in clongation with aging. 

Notwithstanding some unaccountable vari- 
ations in the Erichsen test at various times, it 
was preferred to any other to discover the effect 
of aging upon the ductility of sheet steel A 
machine direct from the factory was used in the 
tests. Representative results are plotted in the 
adjoining figures. 

Summarizing the facts found in these tests: 

(1) No correlation could be found between 
the variations of mill cold rolling and the subse- 


quent aging. 
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16 Cage; Normalized, Amealed, Cold Rolled, 
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18 Gage; Normelized Annealed, Cold Rolled 


4 Minimum at Center 


decrease for that piec 
reached, though no! 
maximum for all, 
an increase occurred 
the original was reac! 

(7) The rate of cho 


varied with the sheet 


0 10 20 Days (8) While statio iy 
values were found mostly 
from the same heat. sta- 
| tionary and decreasing 

7 found in sheets from the 
| same heat, and in sheets 
having same or different 
at KX 40 50 60 amounts of cold working. 


lime in Days 


(2) About 15‘. of the sheets showed no 
variation in Erichsen value in a period of 3 
months, about 5‘+ showed a slight increase, and 
the remaining 80° showed a decrease ranging 
up to about 12‘. of the original value. 

(3) The center of the sheet which contained 
the most chemical segregation showed the big- 
gest proportional decrease. In general, the ends 
and center of sheets did not behave the same 
the center could decrease while the ends re- 
mained constant, or while one or both ends 
decreased. 

(1) The amount of decrease in Erichsen 
value was not uniform, some sheets decreasing 
only a small amount while others reached the 
12°. mentioned. 

(5) Decrease in test value occurred earlier 
in some sheets than in others even though the 
minimum was eventually reached by both. 
maximum 


(6) After a certain period of 


(9) Rockwell 


varied and to the same 


values 


extent as the Erichsen, but in no constant rela- 
tion. Many times the Rockwell hardness of a 
given sheet remained practically the same while 
a large variation was occurring in Erichsen. 

(10) A very low-carbon heat showed as 
much decrease in Erichsen as a_ high-carbon 
heat; a sheet from the bottom of an_ ingot 
showed a 10°. decrease in test value. 

(11) The most consistent changes in test 
figures occurred in samples from the center of 
sheets. This might indicate that segregation 
products were responsible. 

Upon considering all the tests, the author 
would say that of the two factors, the steel and 
its deformation, the steel is fundamentally the 
controlling factor. 

On the assumption that nitrogen is the cause 
of age hardening, a heating to 1,110 to 1,290° F. 
would put the nitrogen into solution, and if no 


subsequent deformation occurred there would 


Diagrams Repre- 
sent the Way the 
Ductility of Sheet 


Steel (as Measured 
by Erichsen Test 


Varies With Tiny 
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little or no subsequent precipitation (and 
efore hardening). However, if such a steel 
s deformed either before or after annealing 

»pwed by slow cooling, as in sheet steel manu- 

ture, nitrogen precipitation will occur. 

In connection with this reasoning it is in- 

resting to note that the steel which maintained 
most nearly the same value during aging was 
the “normalized only” specimen, followed by 
cold rolling. 

Thus, it would seem that to avoid age hard- 
ening a normalized only sheet is desirable, with 
no box annealing to eliminate the slow cooling 
factor. This naturally would give a much stif- 
fer sheet than a box-annealed sheet, but the 
question still remains whether the box-annealed 
sheets would, by age hardening, become as stiff 
as the normalized only sheets. The experience 
of the author is that a normalized only sheet 
will not perform as well as the usual type. 

Although the question of whether it is nitro- 
ven which is the cause of age hardening is open 
to more definite proof, it seems that it is caused 
by some element present in the steel. Some 
heats of steel used for deep drawing sheets do 
not age harden, and at the present time sheets 
are being made which will perform the most 
difficult stampings, even though age hardening 
has taken place. These sheets may have ini- 
tially so much ductility that they still have the 
necessary ductility after the lapse of time. 

Before summarizing, consider the table 
above. The sheet under study was normalized, 
annealed, and cold rolled, the latter operation 
being somewhat more drastic than is usual in 
an attempt to accentuate eventual properties, 


and then tested at a later date. 


|  Jransverse, longitudinal, | Longitudinel, 
| | Across Center | CentertoOne€nd | Center to Other £nd 
Tested One Week After Cold Rolling 
Yield point 55,000 lb | 5%6,000/6 37, 000 Ib 
Ultimate strength | 55,000 ib | 55,000 lb 55,000 b 
Elongetn & 35% 52% 
Erichsen 10. 30mm., 10.60mm. | 10.50mm.,10.60mm. | 10.60mm., 10.7 0mm 
Pockwe B57 855 B54 855, B54 
No strain No strain No strain 
Tested Iwo Months After Cold Rolling 
Ultimate strength 56, 500 It 55,000 lb 58,000 lb 
| Erichsen 50mm 160mm 98 9.70, 
Rookwe 857. 857 857 
No strain No strain No strain 


{re | 
Tested fourteen Weeks After Cold Rolling 
tmete strength | 57,000 56,500 lb 57,000 lb 
| Lrichse: 10.00mm.,10.30mm 980mm.,10.00mm. \ 9.90mm.,10.00m 
vockwe/ | 859, 058 556, 857 | 856 , 854 
| No strain Shellow strain No strain 


From the mill metallurgist’s point of view 
it may be said that each test can be used to 
check mill practice, but several days after final 
processing their respective values as a means of 
evaluating the qualities of sheets are debatable. 
A consideration of the second table tempts the 
author to suggest that if a consumer wants to 
have some test he might as well take his choice 
of tensile, hardness or cup. 

Age hardening is a fundamental property 
of this class of steel and vet it has apparently 
received very little study in respect to sheet steel 
quality. Since the steel itself governs this phe- 
nomenon, it would seem that the first step to 
govern sheet steel properties would be to find 
out how to control steel making so as to avoid 
this phenomenon. By cooperation between steel 
maker, sheet maker, and consumer a more thor- 
ough understanding of these properties can be 


obtained which will lead to much more econom- 


ical operations to the latter two especially. 
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By R. D. 
Chief Engineer 
Brown Instrument Co 
Philadelphia 


measured quickly 
and 


accurately 


EVERY foundryman engaged in the pro- 
duction of non-ferrous castings has be- 
come well aware of the importance of pouring 
his metal when it is at the correct temperature. 
Pouring temperature has much to do with the 
avoidance of porous castings, assurance of max- 
the reduction of 


Wolf 


imum tensile strength, and 


has been and 


Ohio 


miss-runs. — It stated by 


Romanolt of Brass Co. that “no single 


operation has more influence in determining the 


| 
| quality of ultimate finished product than pour- 
60 
a 


ing at proper temperature.” They quoted 
figures before a meeting of the American 


Foundrymen’s Association for brass) which 
was hot poured to a casting having an ultimat: 
tensile strength of 16.300 Ib. per sq.in. and an 
elongation of 7.5'., whereas a duplicate casting 
from the same ladle of metal, after it had been 
cooled 1007 F. by adding small gates and sprues, 
tested 27.500 Ib. per sq.in. and gave an eclonga 
tion of 14.6%. 

Metal poured too hot contains much gas i 
which bupbles during 


solution, reappears in 


solidification blow-holes trapped betwe: 


crystals of solid) metal, causing porosity and 
brittleness. Oxides and impurities are also ca! 
ried into the mold in a fluid or plastic conditio: 
making dirty castings, dirt which would hay 
risen to the surface of the ladle and been skin 
med off the metal at a lower and a proper pou! 


ing temperature. Finally, hot metal scours t! 


sand in the mold. 


Consequently, is an adage of soul 


that the metal should ! 


foundry 


practice 
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ed as low as possible. Yet, up to 1920, 
drv literature is almost bare of notes about 


s whereby this desirable point can be 


sured. Long accounts of “modern” found- 
' ippeared in print, telling much about every 


detail of the practice; temperature con- 


{1 was still left to the skilled workman. 


Crude Methods in Past 


Various crude means of measuring mollen 
metal temperatures have been used in the trade 
since time immemorial. These include such 
stratagems as thrusting a quill of paper into the 
molten metal and withdrawing it quickly. This 
is a favorite method of the old-time type- 
to which 


founder, who, by observing the de 
the paper scorched, was able to estimate roughly 
whether or not the metal was at the right heat. 
If the paper burst into flame or was badly char- 
red the metal was too hot. But if it were simply 
scorched brown the metal was considered to be 
just right for pouring. 

In galvanizing tanks, the operator fre- 
quently would throw sawdust on a skimmed 
portion of the zine bath, gaging the temperature 
irom the way it would smolder. 

Brass and aluminum foundrymen ordina- 
rily depended on the color of the hot metal. 
Sometimes he would heat his brass to the boil- 
ing point of the zine and, drawing it from the 
furnace, thrust a bar into the boiling mass. By 
holding one end of the bar he was able to feel 
the vibration set up by the boiling, and when the 
Vibration stopped he would pour the metal. 

lt is universally realized, of course, that 
the color of the metal depends upon the analysis 
ind upon the amount of light within the shop. 
Skilled) foundrymen, therefore, also observe 
the viscosity or fluidity of the metal, to check 
ne-estimate from color. Viscosity is gaged both 


sight and by feel —— by the flatness of the sur- 


ce, the flotation of dross, by the way it pours, 
d by the way it adheres to the cold mold ot 
cold skimmer bar. Here. again. the indica- 
ms vary with the analysis of the metal, and 
they are used almost instinctively by a 
st-class foreman, the ordinary workman who 
inolding castings of various sizes and in vari- 
alloys cannot estimate the temperature 
ser than 500 F, 


plus or minus. The figures 
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quoted at the outset indicate just how badly 
such an error would affect the quality of the 
product. 

Scientific temperature measuring equipment 
has been available for many vears; but the spe 
cial problems of the non-ferrous foundry have 
caused its rapid adaptation to be delaved much 
behind the applications to other branches of 
metallurgy. These special problems are out 
lined as follows: 

Phe equipment must be portable. In heat 
treatment departments, the electrical indicators 
can be mounted rigidly in protected places. — In 
foundry work the temperatures must be taken 
at various places on the floor, or else the ladles 
and crucibles must be routed past a certain sta 
tion in a busy shop. In either plan the equip 
ment must be much more rugged and foolproof, 

Phe readings must be taken rapidly. In heat 
treating furnaces the fluctuations ino tempera 
ture are designedly suppressed. The diagram 
herewith shows a typical cooling curve of the 
molten metal in a crucible of aluminum after 
removal from the furnace. Within the usual 
pouring range, the metal in the crucible cools 
at the rate of 10) to 50) per min. This graph 
clearly shows the importance of speed in vel 
ting a temperature reading if the metal ts to 
reach the mold at a correct heat. This speed 
necessitated a tvpe of thermometer that would 
be sufliciently protected to be enduring in sery 


ice, vel be so constructed as to assure rapid 
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transfer of heat from the bath to the instrument, 
thus obtaining an accurate reading before the 
metal would have time to cool materially. 

The metal slags over rapidly or smokes. 
Smoke prevents accurate readings by optical 
pyrometers; a slag or oxide scum would obscure 
the clean metal from view. If a closed-end tube 
is inserted into the metal, so an optical pyro- 
meter can be sighted on the bottom through un- 
obscured atmosphere, the tube takes so long to 
come to the temperature of the molten metal 
that the requirement of speed, noted just above, 
is violated. This leaves the thermocouple py- 
rometer and indicator as the acceptable alterna- 


tive for accurate estimation. 


Hot Metal is Corrosive 


The hot metal is corrosive. This is espe- 
cially true of phosphor bronzes and of brasses 
and other copper alloys (due to the high pour- 
ing temperatures — 1,700 to 2.0507 F.). 
means that the thermocouple wires (if bare) or 
the protection tube must not alloy with the hot 
metal, must not accumulate slag which would 
appreciably reduce the rate of heat transfer, 
and vet must be cheap enough so that the un- 
avoidable wastage will not boost the cost of 
thermocouple maintenance too high. 

The indicator should be easily read. This 
means that the work can be done by a person of 
ordinary intelligence after a moderate amount 
of training. An important factor in getting ac- 
curate readings is the type of indicating py- 
rometer employed. Since with some metals, 
aluminum for instance, a small difference in 


pouring temperature makes a great difference 


in the quality of castings obtained, the op 
tor must be able to read accurately and qui: 
small temperature differences on the dial of |), 
instrument. As the temperature of a mo! 
copper alloy may be as high as 2.3007, it is 
vious that with an instrument having a smi! 
dial it would be difficult to read a small t 
perature difference. In other words, it is | 
less to try to read temperatures quickly and 
rapidly within 10° on a scale where a 50) diy) 
sion may be only ||, in. wide. Furthermore, it js 
necessary. that these open-scale instruments 
should maintain the accuracy and sensitivity 
which the open scale implies. 

A symposium by the American Foundry 
men’s Association in 1926 presented the prac- 
tical methods then used by about 20 important 
foundries to solve the above problems. At that 
time opinion favored the bare fork type of 
couple for brass and the protected welded jun 
tion for aluminum. 

Brass foundrymen had found, for instance. 
that relatively heavy couple wires could be used 
without protecting tubes and even without weld 
ing a connection at the hot end. No. 2 or 4 
gage alumel and no. 6 or 8 gage chromel wer 
found suitable (the heavier alumel was used 
because this alloy dissolves more rapidly in the 
hot brass); they can be insulated from = cach 
other in a cane, with 2 or 3 in. of bare wire pro 
jecting from one end. The other end would be 
connected through suitable leads, compensating 
for cold end correction, to a millivoltmeter with 


dial calibrated to read temperature. 


Thermocouple for Aluminum Foundries Uses the 
“Ever-Sharp” Lead Pencil ldea of Feeding Wires For 
ward as They Are Corroded Away bu the Hot Meta 
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Brass Is so Corrosive That a High Alloy 
Protection Tube With Thin Walls Protects 
the Thermocouple Wires and Hot Junction 


When the bare ends of the couple wires 
perhaps 's in. apart were submerged in the 
molten metal, they quickly were heated to the 
Molten 


metal provided a short circuit for the electricity 


temperature of their surroundings. 


venerated at the hot end, and served the same 
purpose as a weld between wires at the hot end. 

bv this means the pointer would reach a 
steady indication within a few seconds. How- 
ever, the temperature registered was the tem- 
perature of the surface of the metal in the ladle, 
less a certain amount representing the amount 
of heat which was conducted back along the 
heavy thermocouple wires. To correct for this, 
the skilled operator withdrew the immersed 
portion slowly; as the tips broke contact with 
the surface the surface temperature was read. 

Bare wires of this sort have certain defects 
in hot alloys. In the first place, they must be 
brushed free from slag, and most of them are 
quite brittle at operation temperatures. In the 
second place, the action of hot zine oxide is 
liable to change the electrical characteristics so 
that the indications are erroneous.  Alloving 
with the hot metal acts in a similar way. Lastly, 
the wires waste away within a hundred immer- 
sions more or less, and must then be replaced or 
cut back, 

Fluctuations in readings, from these causes 
beyond the control of the operator, are so pro- 
hounced that it was recommended at the Found- 
rvinen’s meeting previously mentioned that a 
laboratory man with a standard thermocouple 
visit every pyrometer station twice each shift 

read a metal temperature in the same ladle 
sinultaneously with the one in constant use. 
if difference of more than 10 or 15° was noted, 

Ww thermocouple should be provided. 


In that symposium similar methods were 
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noted to be quite suitable for aluminum. Owing 
to the lower temperatures of operation, No. & 


gave wire could be used, and it could be used 


att: 
with bare ends, as noted above, for about 300 
readings before the ends needed to be cut back. 
The conditions described in the foregoing 
have been studied for some years by the Brown 
Instrument Philadelphia, in view of the 
great need of the industries using non-ferrous 
molten metals for more suitable temperature 
measuring equipment. These studies have 
led to the development of two new types of 


molten metal thermocouples. 


Bare End Thermocouple 


For measuring the pouring temperatures of 
molten aluminum the Brown Co. has adopted 
the bare-end couple described above. Com- 
pletely assembled, this new device is shown in 
the figure. It consists of the thermocouple wires 
mounted inside an operating handle in such a 
manner that the wires can be fed forward 
through perforations in a replaceable refractory 
iip. When the thermocouple is thrust into the 
metal, the refractory housing penetrates the 
slag so that the hot junction of the couple is 
formed in the clean molten metal itself, thus 
assuring a quick and accurate measurement of 
the metal’s temperature below the surface. 

As the molten aluminum consumes the ex- 
posed ends of the wires in service, more wire is 
fed to the tip by advancing the sliding button. 

Tests show that it never requires more than 
ft sec. to produce a settled, steady instrument 
reading. <A large instrument dial permits an 


accurate reading within close temperature 
limits, and these temperatures are of the lot 
metal deep in the crucible not merely the 
surface temperature because the thermo 
electric circuit is completed by the molten metal 


itself, down below the slag line. (Cont. on p. 104) 
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FROM THE PRESIDENT TO THE MEMBERS 


NE YEAR AGO, the first issue of METAL Our advertisers have been enthusiastic con- 


| PROGRESS was published by authority cerning the make Ip « the maaazine, the 
f the Board of | Jirectors. lt is fitting at this time qu lity the paper use d and the artistic 
is to review its accomplishments during the past manner the illustrations and reading matter 
twelve months. From the start, it has maintained have been balanced. 

Suc h a high standard of excellen e that it set | am sure i}, ij the whol heart d assistance 
the pace for other technical public ations. fro 
lwelve issues have indicated that our expec past w I be conl ed. Without this he II bo 


tions lave been realized, The contents 


have been clearly defined by the name DeeN Ser Me pr hed NUSCI 
} heat magazine; you may well be proud cf il 
Chosen; prog esses, real ) } 
lrealments, properties of metals, their jabri- Y! A eri ) 
f ] 
cation and applications, and welding have r Of 
ill received attention. Not only iron and steel, Beginning November 15. we will resume th 
aluminum, copper and their alloys have tion al CACTIONG eill 
been considered. ty th, thlyvte hy il 1) ientifi 
sented at the annual c ith the dis- 
Accounts of metallurgical activity not only in sented ai the annual convention with the di 


this country but also abroad have been brought Cussion, and such other technical papers a5 the 


1) 
to the attention of the members, thus rounding Publication Committe may deem sujjicient 
merittor permanent re > TRANSA( 
out the issues so every member can lind men rpermanent reco! 1. The TRAN 


] 
something of interest and value each month. ly be returmed fo! binding a previously 


: The REVIEW will be ntinued. This contains 
Kor several years, the Be ard of | direc tors had 
the current news « hapler activities, detailed 

recognized the fact that a steadily increasing 
minutes of the meetinas oard al 
number of executives and produc tion depart- 
irectors and all national and « hapler records 
ment heads were joining the Son iety, men 


who do not spend all of their time on metal- that are of interest to the membership at large. 
lurgical problems, but who have a very decided Surely with the three publications, METAL 
interest in new developments of raw materials, PROGRESS, TRANSACTIONS and REVIEW 
processing methods and heat treatments. To The American Sox iely for Steel Treating 


these men, METAL PR YGRESS }, is Deen & may justly be proud of the service be ng 


| 
source of reliable and up-to-date informatic n. given 10 HS Membpc4rs, 
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Why Nor Use 
Vacuum Tubes 


in Pvremeters 


WHEN VISITING research laboratories 

one notices that vacuum tubes are hitched 
to testing equipment in a variety of ways. Fre- 
quently, they are used with sensitive electrical 
bridges, and can then detect the flow of an al- 
most infinitesimal current, thus indicating im- 
mediately any lack of balance between the op- 
posing circuits. Remembering that) thermo- 
couples depend upon the generation and meas- 
urement of very small electric currents, one 
wonders why there has not vet been devised and 
marketed some pyrometric equipment utilizing 
vacuum tubes. It would seem that in this man- 
ner the small potentials generated at the hot 
junction could be amplified to any desired de- 
sree, and produce a current strong enough not 
only to swing a recording needle but also to op- 
erate recorders and even open and close fuel 
valves or illuminate signals. 

Looking a little deeper, however, one finds 
that the familiar radio tube is at its best when 
magnifving minute alternating currents, whereas 
the electrical flow from a thermocouple junc- 
tion is direct. Also that while it is a sensitive 
instrument, it is not precise. Amplification of 
small direct current, while not impossible, is not 
nearly so easy, and at the present state of knowl- 
edge requires apparatus and hook-ups entirely 
different from the familiar circuits used in radio 
sets. Especially would it be necessary to guard 
against slowly varving disturbances, such as 
drifting of supply voltages and changing tube 
characteristics. 

It must also be said that while the e.m.f. of 
a thermocouple is low, its internal impedence is 
also small, so it) produces suflicient) current 
(power) when operating in the ordinary metal- 
lurgical ranges to deflect a rugged galvanometer 
and an indicating needle. It is also necessary to 
remember that high temperature measurement 


requires two essentials — the thermocouple and 
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the measuring instrument. Granted that 
best of our present measuring instruments he 
considerable inertia, it is also true that inst) 
ment makers have successfully and for years 
marketed equipment which is considerably mor 
accurate than the best thermocouples availal|, 
Therefore it would seem that the direction for 
improvement is toward thermocouples and auy- 
iliaries with a higher degree of reproducibility 
rather than toward more sensitive indicators, 
and any application of vacuum tubes would 
probably have to be marketed on the basis that 
they would do something that available equip- 
ment cannot do, such as extend the range or 
increase the sensitivity at unusually high or ex 
cessively low temperatures, or remove son 
other limitation such as the necessity of having 
a hot junction attached to stationary objects. 
Undoubtedly, distinct future possibilities lie in 
these directions. 

It is well understood, of course, that thie 
recording and controlling equipment (especially 
the latter) is not actuated by the small currents 
or potentials generated at the hot Junction, but 
by auxiliary devices, driven by an independent 
source of power. The problem met by the de- 
signers has consequently been to devise me- 
chanical amplifiers for small electric flow. They 
have evidently been able to do this, and it is 
about all that a vacuum tube can do. Even 
though some sensitivity may be lost in the proc- 
ess of mechanical amplification, the net result is 
an accuracy ample for commercial require- 
ments, and as noted above, better than the accu- 
racy of the various auxiliaries now in use. 

If a small current be amplified by vacuum 
tubes before it is measured, it will obviously bx 
necessary to insure that the ratio of magnifica- 
tion be exactly known and be unchanging. This 
is a far more difficult feat than merely detecting 
an infinitesimal current and magnifying it to 
some unknown amount sufficient to indicate tls 
presence unmistakably. Yet it is a quantitatt 
measurement of current or e.m.f. which is nm 
essary in high temperature work. 

These statements regarding the practic 


sufliciency of available recorders and the dill 
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ity of substituting precise electrical ampliti- 

tion should not obscure the fact that consider- 

le work is being done constantly by leading 

strument makers to explore the possibilities. 
Indeed, some commercial applications have al- 
ready been marketed. 

Photo-electric cells have been recently 
adapted to this problem of recording the move- 
ments of a sensitive galvanometer needle. and 
even using it to control valve motions absorbing 
considerable power. In these devices the re- 
cording pen and other control equipment is 
driven by separate high-torque elements, kept 
in step with the swinging galvanometer needle 
or an attached mirror by an optical system, a 
beam of light, and photo-electric and pliotron 
tubes. It is obvious, however, that this is not 
an attempt to amplify small direct currents; it 
is merely an optical and electrical magnifier 
doing what is now being done by mechanical 
arrangements in our familiar temperature con- 
trol equipment. 

Another promising direction of advance is 
the perfection of a direct current amplifier 
which will entirely eliminate the galvanometer. 
Grid-glow tubes have already been used in this 
inanner, in an experimental way. For some 
purposes —- namely, where insfant response to a 
change in impressed voltage is necessary —_ it 
appears to have distinct advantages, and will 
undoubtedly receive much more attention by 


practitioners in the future. 


Design for Welding 
Requires Real SLill 


and Engineering 


AN INCREASING amount of printed ma- 
terial is being put into circulation which 
purports to explain the problem of “design” for 
elding. It has much to say about unit stresses 
d the strength of a weld in shear per linear 
‘h, and contains sketches showing interrupted 
lds, implving that it is not necessary to weld 


inv joints from end to end. 
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If this information gets into the hands of 
engineers and designers who can use it with dis- 
cretion, well and good. They need it. Especially 
is it necessary to educate the educators, the pro 
fessors of machine and structural design, who 
for lack of better are using textbooks published 
20 vears ago, when welding was a rough-and 
ready repair method. 

The danger is that some half-baked tron 
worker and some half-educated draftsman will 
take this elementary information and some 
other hand-book data and convince themselves 
und some unfortunate customers that they can 
make anything from a motor base to a highway 
bridge cheaper, better, quicker and lighter by 
welding. It is the old, old problem of prevent 
ing damage to a new process by its) over 
enthusiastic believers and practitioners. 

Seldom will it be found economical to take 
the drawings of a riveted structure and say “For 
each rivet we will put in a l-in. weld.” Nor will 
there be much profit in reproducing a steel cast- 
ing out of bits of plate, angle iron and I-beams. 
In the first instance, structural design has been 
developed by many vears’ experience with the 
riveting process — machinery has been devel 
oped to do the work efliciently, and the design is 
not directly adaptable to other methods of join- 
ing. In founding practice (the second instance) 
the actual requirements of the structure have 
been modified by the limitations of the molding 
and core making, and the ability to put hot 
metal into cavities in a way that it will solidify 
into a sound strong unit. 

New and searching studies are necessary to 
lind out what parts of such old designs are 
really essential and what portions have been 
added as conveniences or necessities for the 
conventional method of construction. When 
this separation of essential and non-essential 
has been made, more skill, ingenuity and sound 
judgment will be needed to supply the bare 
essentials (without the excrescences) with a 
new jointing method. 

Certainly it is a job which cannot be done 
in the ordinary welding shop without the guid- 


ance of expert engineering. 
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By D. A. Holt, Ph.D. 


Cvanide Consultant 
Roessler & Hasslacher Chemical Co 


Niagara Falls, N. Y. 


Cyanide 
Heat 


for 


alloy steel 


AT THE PRESENT TIME the evanide 
bath is used extensively for reheating 
plain and = alloy” steels, principally — before 
quenching. In spite of the widespread utility of 
the method, litthe information on the essentials 


of the action has been printed. Most metal- 
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lurgists regard it as a salt bath for effectively 
excluding atmospheric action on the hot metal, 
or a bath which will give a superficial skin of 
hard metal if the part remains immersed for 
any considerable time. 

An attempt will be made, therefore, to 
show that the many applications of this heat- 
ing method, especially numerous in gears of 
highest quality, are justified by a group of solid 
advantages. It may be said, in fact, that the 
evanide bath offers in one medium no less than 
seven major advantages, as follows: 

1. It develops on the surface a very hard, 
wear-resistant case, which contains both carbon 
and nitrogen. 

2. Case depth is simply and accurately 
controlled. 

3. Highly finished surfaces are maintained 
perfectly throughout the treatment. 

!. Quenched parts have an attractive sur- 
face color. 


». Adhering traces of the salt can be easily 
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emoved from the work after the quenching 
peration, 

fi. It has a reasonable cost of operation 
nd maintenance. 

the 


reatment, nor does it have a tendency to ac- 


does not corrode work during 
clerate corrosion afterward. 

It is small wonder, then, that steel parts are 
senerally heat treated in cvanide baths to ob- 
fain one or several of the above advantages. 
Of the evanide treatments applied to a large 
variety of work, the following are typical: 

‘cheating of automotive gears to increase 
their wear resistance. This is the largest single 
use of the evanide reheat; the greater part of 
the transmission gears now made in this coun- 
irv are treated in this manner. 

Reheating high grade alloy steel nuts and 
bolts to harden and therefore prevent burring 
when tightened up with a wrench. 

Drawing high speed steel tools to increase 
their hardness. 

Heat 


wrenches, to prevent nicking or denting. 


treating alloy steel parts, such as 

Turning now to the heat treatment of gears: 
There are three different methods of operation, 
(a) the evanide dip, wherein the work is pre- 
heated in an appropriate furnace to the quench- 
ing temperature, moved for approximately 15 
sec. through a cyanide bath held at the same 
temperature, then quenched; (b) the cyanide 
the the 


evanide dip, except that it is held in the bath 


wash, wherein work is treated as in 
for one to two minutes, and (c) the straight 
evanide reheat, wherein the work is heated in 
the bath from room temperature until it has 


reached the bath temperature or until the de- 


sired depth of case is) produced, then 
quenched. 
These variations in treatment are due to 


the differences in design and requirements of 
the gear and composition of the steel used. 

reliable dynamometer and 
that the 


cvanide heats increase the life of transmission 


For instance, 


road tests have shown short-time 


Jears to from three to five times that of gears 
made of the same oil hardening alloy steel but 
iardened by the ordinary air reheat and oil 
juench. 

tenfold 


Gears, 


Straight evanide reheat similarly gives 


increase In wear resistance to trans- 
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Phe exact treatment should also be sched 
atter the tooth piteh 


and Impact resistance of the steel. 


a consideration. of 


uled 


It is obvious 
will lower 


noted that 


that a hard surface laver on the gear 
the impact resistance. It should be 


this effect is independent of the so-called nitro 


ven embrittlement. Gradients shown later in 
this article prove that the nitrogen does not 
penetrate sufliciently deep to affect the prop 


erties of the core. Consequently, the time 


of treatment should be regulated to produce 
maximum wear resistance with sufliciently high 
withstand anv normal 


Impact resistance to 


abuse. That the well-designed automobile gear 
now has this balance is best demonstrated by its 
freedom from failure and its long life. 
the 


reheated gears is primarily duc to the physical 


Increased wear resistance of evanide 
properties of the carbon-nitrogen surface laver 


Which is produced. It is well known that the 


case Is extremely hard when suitably quenched; 
this is readily demonstrated by means of a 
sharp file. 


Furthermore, the carbon-nitrogen case pro- 


Effect of 15-See Dip at 1,525° F. 
Can Be Seen at Surface of S.A. 6150 Steel 
alt 300° Magnifications; Extends 
30-Min. Cyanide Reheat 


Cyanide 


Fine Grain 


In. Deep 


ape 

is 


duced by cyanide treatment is extremely resist- 
ant to surface flow. A measure of this 
resistance is obtained by means of the Rock- 
well hardness tester. Rockwell-C impressions 
of cyanide hardened specimens are clear cut; 
the rim of the impression is in the same plane 
as the remainder of the surface. This is a cer- 
tain indication that no surface flow occurred in 
the metal. No surface cracks can be found, nor 
is there any spalling around the impression 
both evidence that the surface layer is exceed- 
ingly tough. In contrast to this, the Rockwell-C 
impressions on carburized and hardened steels 
invariably show small raised circular ridges 
around the impression. 

Surface flow is a detriment highly 


stressed surfaces such as gear teeth. It is. in 


Grain Structure (at) 300° Magnifications 
Changed to Various Depths by 30-Min. Cyan- 
ide Reheat. Upper left: 4140, 
quenched from 1,520) F.; upper right: S.A. 
0150, quenched from 1,500° F.; lower left: 
8185, quenched from 1,475 F.; lower 
right: 33835, quenched from 1,475 F. 


fact, a cause of tooth pitting, for surface f) 
pushes up a certain portion of the tooth abo 
its proper level, and this becomes over-stress: 
at some point in the revolution. In time th)s 
over-stressed portion of metal breaks aw 
from the tooth face, when its endurance lin 
has been passed, leaving a pit. 

One motor car manufacturer after inves! 
gation found that a 15-sec. dip completely pr 
vented surface flow, eliminated toot! 
pitting. The treatment produced no detectabk 
change in impact resistance of this particula: 
gear; thus, full gear strength was retained and 
the wear resistance greatly improved. 

The gradient tables on page 71 show thal 
some of the widely used gear steels absorb a 
surprisingly large amount of nitrogen during 
a 1lo-sec. period in contact with evanide. Car- 
bon is not increased to anything like the same 
degree. This nitrogen absorption is probably 
the reason for the increased hardness and life 
of evanide treated gears as compared with gears 
of the same steel, air reheated, and oil quenched 

Some work was recently undertaken to 
show the change in composition and structury 
with depth of various steels after cyanide treat- 
ing. In these tests, bars 1 to 1!, in. diameter by 
7 in. long were normalized; the. decarburized 
surface laver was then removed and the bars 
surface ground. Test bars were then given thi 
typical treatments at the recommended temper- 
atures (indicated in the table). Following the 
evanide treatment all bars were cooled in still 
air and successive 0.003-in. cuts were removed 
for analysis. (Diameter of bar was reduced 
0.006 in. in each step.) Turnings were washed 
in ether and dried at 140° F.) Carbon was de- 
termined by the usual combustion methods. 

To analyze for nitrogen, the samples wer 
dissolved in 50 ¢.c. of warm 7‘« sulphuric acid 
Solutions were then distilled standard 
Kjeldahl apparatus using copper flasks and 
block tin condensers. Resulting ammonia was 
titrated with standard sulphuric acid using 
methyl red as indicator. 

Cyanide baths used in this research wer 
made up from commercial grades of sodiut 
evanide (NaCN). Cyanide (NaCN) and cyana! 
(NaCNO) contents of the bath are stated: th 
balance consisted of sodium carbonate or 


combination of sodium carbonate and chlorid 
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lhe latter two compounds are inert diluents. 
Presence or absence of the chloride affects only 
the melting point and viscosity of the bath. 
Sodium carbonate is always present, since it is 
the end product formed by the case hardening 
reactions in the hot evanide bath. 
Photomicrographs were prepared from por- 
tions of the same bars on which carbon and 
nitrogen gradients were determined. Thus they 
represent air-cooled sections of the case, etched 
with 5% nital and magnified 300 diameters. 
kxamination of the carbon and nitrogen 
gradients shown in the table clearly indicates 
that the physical properties of the surface lavers 
of ferrous alloys which have been reheated in 
the cyanide bath are primarily due to the nitro- 
gen absorbed during the treatment. Carbon 
ibsorption is moderate in amount, and the pro- 


samples, however, the surface layer showed the 


portion is quite variable, steel to steel. 


ibsorption and fixation of large amounts of 
trogen. This remains close to the surface, 
owever. It is probable that the figures for the 
ird cut (0.006 to 0.009 in. below the surface) 
present nitrogen existing in the steel bar in- 


oduced in the steel making process. As proof 
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of this, a new bar of the S.ALE. 5150 steel used in 
these tests was sawed across; a 5-gram sample 
of sawings was analyzed in duplicate, results 
were and Similar 


analysis of S.ALE. 1020 steel showed 0.032 and 


nitrogen. 


N in check tests. 

As might be expected, the preheated steel 
1D sec. in evanide did not absorb either as much 
carbon or nitrogen as the cold steel 30 min. in 
the bath. However, even the short evanide dip 
will put approximately 10 points of carbon into 
the surface of the lower carbon steels. Not 
much more than this is absorbed from the clear 


baths in 30> min. 


The longer time, however, 
permits much more nitrogen to gather in the 
surface laver and to diffuse an appreciable 
amount inward. Both the chemical analyses 
and the photomicrographs prove this. 

The carbon-nitrogen cases shown the 
micros are characteristic of cvanide treated 
work, which on quenching develops a character 
istic carbon-nitrogen martensite. High nitrogen 
content in the surface lavers of evanide treated 
work suggests the possibility of forming a car 
bon-nitrogen austenite when high-carbon alloy 


or carburized steels are reheated in evanide for 


71 


are 
; 
ar 
vt 
6 | 4 | 
| 
ult 
mary 
“hee 4 
‘ 
1 
2), 
j 


Structure of S.A. 2345 After 15-Sec. Cyan- 
ide Dip at 1,525 F., After 2-Min. Cyanide 
Wash at 1,450) After 30-Min. Cyanide 
Reheat at 1,450) All at 300° diameters 


a sufficient length of time. As a matter of fact, 
characteristic austenite formations have been 
obtained by such prolonged cvanide heat treat- 
ment. Possible formation of the evanide austen- 
ite does not prohibit the use of a evanide bath 
for reheating high-carbon alloy or carburized 
steels, but it does limit the length of time such 


stecls may be held at heat. 


The above terms “cvanide martensit: 
“cevanide austenite” are suggested by the a 
for these characteristic structures which a: 
veloped on evanide treatment. Although 
appearances resemble the corresponding 
carbon structures, they possess their own 


acteristic chemical and physical properti 


Scumming Baths 


Some metallurgists prefer to use scum) 


evanide baths for reheating, because the blact 
scum decreases the rate at which evanide de- 
composes and enables the operator to use highe: 
evanide concentrations. The bath is then mad 
up and replenished with high test) evanid 
and normally contains approximately 50 

evanide. When clean cvanide baths are used 
they are usually made up with 15° mixture and 
replenished with either or 965° evanicd 
There is no advantage in maintaining the clean 
evanide bath above 35°. cvanide. However, i! 
should not be allowed to deteriorate much be- 
low because then the activity is so de- 
creased as to affect the composition of the cas 
produced in a given time. 

The table shows clearly that the scumming 
bath in 30 min. will increase the carbon mate- 
rially on S.ALE. 5150 and 6150) steels, while in 
the same amount of time a clear bath has litth 
or no effect on this element. However, nitrogen 
absorption seems to be independent of th 


sodium cvanide concentration in the bath. 


ABOUT 1910 the electric furnace began to 
displace the crucible furnace for the man- 
ture of tool and other high-alloy steels, and 
resent only a very small percentage of our 
| production is still made in the latter. 
While the economic advantages of the electric 
ling process were recognized early, it is in- 
dicative of the ultra-conservative spirit of our 
wl steel industry that the transition from the 
old to the new method took place very slowly. 
Phe old crucible furnace was. strictly a 
melting furnace in which the refining of the 
charge was confined to the removal of a single 
clement, namely oxygen. For the elimination 
of this obnoxious element, the crucible process, 
when properly conducted, was admirably 
suited. Even today we still have mills in which 
this very adaptable furnace is used in the same 
restricted way as the old-time crucible, namely, 
for straight melting of high-grade material. 

Of the many principles originally emploved 
to melt steel electrically, it appears that only 
the system emploved first by Heroult has stood 
the test of time. The steel, in a closed furnace, 
forms the common conductor for the current 
led in by electrodes through the roof. 

The hearth of the electric furnace must be 
a basic material, such as magnesite or burned 
dolomite, to withstand the lime slags used in 
the basic process. Walls and roof need not be 
basic. but must be capable of withstanding ex- 
tremely high temperatures —— silica brick is used 
almost exclusively. 

The hearth may be rammed in by lavers, 
using a binder such as sodium silicate, molasses. 
or tar, then burned in. Otherwise, the bottom 
material, often mixed with a suitable flux such 
as basic open-hearth slag, is shoveled into the 
hot furnace and burned in laver by laver. This 
is done by the heat of electric ares formed be- 
tween the furnace electrodes and other clec- 
trodes placed temporarily across the hearth. 


Selected steel scrap comprises the bulk of 


e charge. It is of such a composition that 
pon melting down the bath will contain a 
sinaller percentage of the various alloving ele- 
ents than is required in the final steel. 
Of equal importance to composition is the 
vVsical condition of the charge. If it is too 
se and bulky, the electrodes will cut their 


through to the bottom before suflicient 
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elting 


Tool Sreel 


basic electric furnace 


molten metal accumulates, and the bottom will 
melt. if the charge is too dense and melts 
slowly, the roof and sidewalls will suffer. 

If large amounts of slag-forming material 
or of seale or ore are charged with the serap, 
the electrical conductivits of the charge may 
be too low for the voltage of the circuit and an 
electrode may freeze. If heavy scrap is charged 
on top, it may break an electrode when falling. 
Scrap requiring a long time to melt may chill 
on the bottom or pieces of it may even float for 
an indefinite length of time in the bath. Loose 
and heavy scrap should therefore be distributed 


in such a way that the electrodes cut their way 
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at least two-thirds through the charge before 
becoming stationary and starting to back up. 
This protects the bottom of the hearth, melts 
metal at the lowest point, and protects walls 
and roof. 

All non-oxidizable allows, such as tungsten, 
molybdenum, nickel, and copper should be 
charged directly with the scrap, distributing it 
carefully in the upper central part near the clec- 
trodes. Ores or oxides (charged with the scrap 
for direct reduction with whatever reducing 
agent be used) are put throughout the central 
part of the charge, making sure that there is 
sufficient furnace voltage to overcome the in- 
creased resistance. Molybdenum oxides may 
be charged without admixture of a deoxidizer, 
and in a heat that is to be melted under oxi- 
dizing conditions. Chromium oxides may be 


reduced after the heat is melted. 
Some Oxides Slightly Volatile 


Tungsten and vanadium oxides are some- 
what volatile; heats containing them = should 
therefore be melted under reducing conditions 
and provision made in advance for the addi- 
tion of deoxidizers. For instance, if ferrosilicon 
is used for deoxidation, about three pounds of 
lime should be added for each pound of silicon 
in the charge. 

Melting is usually done at as high a voltage 
as possible, to melt quickly, increase furnace 
economy, and decrease losses. To accomplish 
this most furnaces are equipped with variable 
voltage transformers. For the first 15 or 20 
min., until a pool of metal is formed, the elec- 
trodes “search” (raise and lower as they melt 
through the scrap), and the current fluctuates 
widely and rapidly. 

The melter pushes the unmelted scrap to- 
ward the center of the furnace, cleaning off the 
banks, and gradually working all loose scrap 
into the bath. First slag additions are then made, 
consisting usually of burned lime with a little 
fluorspar or sand as flux. These combine with 
the oxides formed during melting into a highly 
oxidized basic slag (containing a large excess of 
calcium oxide). 

Refining operations in the electric furnace 
are based largely upon reactions between steel 


and slag, which are confined to the contact sur- 
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faces. Reactions also take place within the s!¢| 
itself (and within the slag itself) between ¢ r- 
tain original constituents and others that may 
have been added for the purpose. These reac- 
tions aim to accomplish three distinetly differ- 
ent purposes, and, since they would conflict with 
each other in several ways, must be carried out 
separately and in a fixed sequence. 

First comes the removal of oxidizable cle- 
ments (principally carbon and phosphorus, but 
sometimes also manganese and chromium) by 
oxidation. This process is carried out by add- 
ing an oxidizing agent to the slag, usually iron 
oxide. If it is intended to remove the carbon, th: 
scale or iron ore is added after the temperature 
has been raised as much as possible; at low tem- 
peratures it is possible to oxidize the other ele- 
ments without burning out all the carbon. 

If phosphorus is to be removed (or man- 
ganese or chromium), it is necessary to pull the 
resulting black slag, since these elements are 
held only in a highly oxidized slag. The fur- 
nace is tilted slightly and the slag is raked off 
and out the door. 

If the scrap is of such a character that 
phosphorus does not need to be removed, the 
slag is at once “turned over” — that is, whitened 
or deoxidized by adding crushed coke or ferro- 
silicon. This reduces the alloying elements that 
have accumulated in the slag, and returns them 
to the steel. If the phosphorus slag has been 
removed a new slag of lime and fluorspar is 
made and worked with coke or ferrosilicon as 
noted above. 

This working of the slag is the second stag 
in refining. The oxides to be reduced from th: 
slag may have been formed unintentionally dur- 
ing the melting of the steel, they may have been 
added for the purpose of direct reduction, or 
they may be continuously formed from loosened 
particles of hearth and patch material. 

This deoxidation of the slag may be car- 
ried out by finely divided carbonaceous mate- 
rial, or by calcium carbide which is the quickes! 
acting and therefore probably the cheapest. !! 
may be mixed to advantage with some fin 
ferrosilicon. A change of the slag from black. 
brown, or green to a pure white indicates tly 
complete reduction of all reducible oxides 
whereupon from 1‘ to 2° (with reference 


slag weight) of carbide may be added and t! 
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stecl left to itself for a short time, preferably 


at a low temperature to reduce the solubility of 


certain oxides contained in the steel, and give 
them a chance to eliminate themselves. 

The last step in refining is deoxidation of 
the steel. This consists of converting soluble 
oxides into insoluble ones, and their separation 
from the metal by flotation. This separation is 
ereatly facilitated if, instead of forming a high- 
lv infusible oxide such as SiO., we attempt to 
form at the same time several such oxides, 
which, through combination with each other, 
become fusible slag particles which coalesce 
into larger globules. For this reason the final 
deoxidation is usually carried out by so-called 
double deoxidizers, such as calcium silicide. 

Desulphurization of the bath also takes 
place at this time, the sulphur combined with 
Inanganese rising to the surface of the bath, 
where it reacts with lime to form calcium sul- 
phide which is absorbed and held by the white 
basic slag. 

A deoxidizing agent should be present in 
ie slag during the final period. There is only 

ne such agent that can exist in the = slag, 
imely, calcium carbide. This carbide has 


ractically no deoxidizing effect upon the steel: 
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its role is to reduce oxides of iron, chromium, 
manganese, tungsten, or vanadium which have 
risen into the slag. 

It is therefore of no advantage to hold the 
steel for a great length of time under a strongly 
carbidic slag. On the contrary the presence of 
much carbide conceals faulty conditions in the 
furnace practice which are apt to cause the 
very troubles carbide is intended to remedy. 
Every melter is familiar with the fact that a 
slag containing no carbide ts apt to “change” 
or to “turn.” This change is due to oxides 
which come up from the hearth. Bottom = or 
patching material contains as much as 5‘ iron 
oxide, and if it comes loose in fine or large par- 
ticles and passes through the metal, it will react 
with carbon, silicon, manganese, or chromium, 
thus undoing the work already accomplished. 

It is therefore advisable to use the carbide 
sparingly, so that such faulty conditions, if they 
exist or develop, can be detected at once and 
can be remedied. Stirring during the last stages 
tends to loosen more hearth material and also 
stir back into the metal oxides and sulphides 
which otherwise would remain in the slag. It 
is quite analogous to stirring up a precipitate 


that is about to settle. 
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Beginning at the time the bath is first 


melted clean, occasional spoon tests are poured 
and sent to the chemical laboratory for quick 
determination. Additions, necessary to bring 
the final composition of the heat within speci- 
fied limits, are usually made during the final 
refining period in the form of ferro-allows, the 
exact compositions of which are known. Car- 
bon may be added either by turning off the 
power and submerging the electrodes, or by 
adding a calculated amount of wash metal or 
carbon briquettes. 

Having brought the bath to the required 
chemical composition, a number of spoon tests 
are taken to determine its temperature and de- 
oxidation. On straight carbon and a few alloy 
steels, it is possible to determine the proper 
temperature by the so-called film) test, which 
consists of taking a sample in a well-slagged 
spoon and noting the time required for a film to 
freeze over the surface of the steel. Tempera- 
ture is otherwise determined by pouring the 
stecl from a well-slagged spoon in a uniform 
stream into a little test mold; no frozen metal 
should remain in the spoon and the cast should 
have smooth sides without wrinkles. The top 
surface also gives some indications as to the 
presence or absence of soluble oxides; it should 
be smooth and free from eruptions and slightly 
depressed in the center. Final deoxidation is 
accomplished in the furnace with ferrosilicon 


and ferromanganese. 
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The heat of steel, now of proper comp: 
tion and temperature and properly deoxidiz 
or killed, is ready to tap into the ladle.  T! 
operation, as well as the final pouring, may ha 
as great an effect upon the quality of the {i 
ished steel as has the melting, since the met 
is now exposed to atmospheric oxygen. 
Opinions vary as to the best method of ta; 
ping. Some prefer to hold the slag back, whi: 
necessitates tapping through a runner brick © 
skimmer spout. A runner or nozzle results 
a relatively small stream, and the surface of th 
steel in the ladle is exposed to oxidation up to 
the last moment. Others prefer to tap steel and 
slag together quickly. This’ practice lessens 
oxidation, but may entrap finely disseminated 
slag particles. Which of the two evils is th 
lesser depends probably upon the type of stee! 
and the purpose for which it is intended, and 
also upon the condition of the slag. Tapping 
temperatures are often taken with the optical 
pyrometer. Usually no deoxidizers are added 
to the ladle, although occasionally small addi 
tions of aluminum may be made to counteract! 
the tendency toward oxidation during the tap. 
After holding in the ladle a suflicient tim: 
to float entrapped slag, the metal is teemed into 
molds. Oxidation by atmospheric oxvgen again 
occurs. It is obvious that all splashing should 
be prevented. Silicon present in the steel will 
prevent the formation of soluble oxides which 
might cause porous ingots, but, on the other 
hand, the formation of insoluble silicates and 
heavy oxides, especially those of chromium 
can never be entirely avoided. However, i! 
the metal is poured at the proper temperature 
so that it will run smoothly in a compact round 
stream striking steadily in one spot near the 
center of the mold, this oxidation can be kept 
ata minimum. <A certain amount of protection 
is given by mold dressings, such as tar or rosin 
soot, which expel the air by forming more ot! 
less inactive gases and which also prevent oN! 
dized splashes from sticking to the walls. 
Sound ingots, free from shrinkage caviltes. 
are insured by proper mold design, heaviet 
walls near the bottom, and a chamber gradually 
widening toward the top, and by a so-called 
“hot top” (a brick placed on top of the mold to 
act as a reservoir, from which the the ingot ts 


continuously fed until completely solidified). 
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Bright 


Annealing 


and other 
operations in 
controlled 


atmospheres 


ANNEALING is an operation which no- 

body does merely because he likes to do 
it. It is a necessary evil in the production of 
inost fine metal products, particularly wire, thin 
sheet or strip, or things made from them. In 
irlicles having a large surface in comparison 
vith mass, the condition of that surface be- 
omes of prime importance. Losses from heat 
‘ale and oxidation during fabrication must be 
linimized hence as much work as possible 
s done cold. Unfortunately, even the most 


orkable of the alloys harden under cold work. 
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and many articles require so much rolling, 
drawing, hammering or pressing before they are 
finished that it is necessary to re-soften them by 
annealing operations, 

Obviously, surface oxidation should be pre 
vented during this necessary step, else the part 
may be ruined by seale pits, or lose too much 
metal in oxide, or become too expensive trom 
the added operations like pickling and bufling 
hecessary to remove the scale and get the sur- 
face back into good condition. lence the de 
sirability of “bright” annealing. 

Theoretically, bright annealing is a simple 
operation. All that is necessary is to heat the 
metal in an atmosphere which has no oxygen 
in it, or any other gases which would discolor 
the surface at the temperatures necessary for 
annealing. Practically, it is not so simple as it 
appears theoretically to discover inexpen- 
sive manner of creating such an artificial atmos 
phere, nor to build a furnace which will hold 
this artificial atmosphere inside of and = the 
natural atmosphere out, particularly during a 
continuous procession of chargings and dis- 
charging operations, 

Batch furnaces for annealing in controlled 
atmospheres have been in operation in Some 
branches of industry for many vears. One of 
the carliest solutions of the problem of heating 
without forming scale was effected by the cold 
rolled strip industry. A load of coiled ribbons 
of steel is heaped over with cast iron chips, and 


the whole is covered by an iron casting, like an 
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Conveyor Furnace for Bright Annealing Stampings Which Replaced 
Two Fuel-Fired Furnaces and Reduced Handlings 


inverted bath tub. As the temperature is raised, 
oxygen inside the container is consumed by the 
iron chips rather than the steel strip. 

Such an operation has the advantage of 
simplicity, but the disadvantage of having to 
heat several pounds of inert) equipment for 
every pound of work. Also it is discontinuous, 
and consequently uneconomical. Again, the 
time required for each heating and cooling in- 
creases the length of the process two or three 
at the least. 

Some of these disadvantages are avoided by 
methods used in the electrical industry for an- 
nealing transformer laminations (punched 
from sheets of silicon steel) in an atmosphere 
of hydrogen. This process not only preserves 
the surface during a long time at heat, but also 
improves the magnetic characteristics of the 
metal possibly by the removal of last traces 
of oxygen in it. Ingenious methods of introduc- 
ing a pile of sheets into the furnace, of gener- 
ating the correct gases, and of controlling the 
annealing evele have enhanced the success of 


this operation, 
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Bright annealing « 
tered the non-ferrous 
dustry three or four yea: s 
ago by a combination 
circumstances which « 
abled the first trials to 
made with furnaces of qu 
small size and on articles 
of considerable intrinsi 
value. The first factor 
small furnace size Was 
an advantage, because 
the furnace proposed for 
the work was not entirely 
successful, it could be taken 
apart and modified without 
much expense. Furnace de- 
velopment, therefore, was 
on inexpensive units. Sec- 
ondly, the cost of an an- 
nealing operation on high 
priced articles is such a 
minor part of the = entire 
production cost, that a 
From 36 to 3 slight increase in the ex- 

pense of heat treatment 

had a good chance of being 
recovered in collateral advantages, or savings 
in some other associated operation. Hence the 
bright annealing idea could be considered on 
some other basis than low cost, and if annealing 
in a controlled atmosphere had to wait until it 
could be done cheaper than annealing in a hit- 
or-miss furnace atmosphere, bright annealing 
would still be a laboratory curiosity. 

For such reasons as outlined, my first de- 
sign in this field was installed by Summers 
Brass Company, of Waterbury, to anneal thin 
nickel strip in a hydrogen atmosphere. Nicke! 
was to be used in radio tubes, and had to bx 
clean and oxide-free. Pickling was to be avoided 
because of the deleterious effect of acid on the 
surface conditions best suited for the intended 
electrical characteristics. Annealing in a coil 
was impracticable, because recrystallization 
during anneal produced grains much larger than 
the thickness of the strip (0.002 to 0.004 in.) and 
the growing grains in one layer would absor! 
metal from another layer, thus effectuall 
“freezing” the coil together. 


In this first furnace a vertical chamber wa: 
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d. A bottom opening turned out te be a very 
d idea for any container of light hydrogen 
.. but this part of the design was adopted for 
work, rather than the atmosphere. Since 
the bright nickel strip had to be delivered with 
nirror-like surface it could not be dragged 
across a furnace bottom and get scratched. Fur- 
thermore, if the hot strip were put under enough 
tension so it hung from end supports, free from 
the hearth, it would emerge with wavy edges 
(since the distribution of stress in thin cold 
rolled strip is far from uniform). 

Such disadvantages were avoided by lead- 
ing the strip into a vertical heating chamber, 
over a roller at the top, down a cooling chamber 
alongside, and out to a coiling reel. No contact 
with the furnace was made, and the only load 
on the strip was the weight of a length equal to 
the height of the furnace (approximately six 
feet), and a minor brake tension. Results were 
entirely satisfactory. 

Pursuing the idea of working with expen- 
sive articles, the next applications were in the 
jewelry trade. Vanity cases and costume jewelry 
of considerable merit become relatively inex- 
pensive when made in quantity by labor saving 
machinery. Machine fabrication requires more 
annealing, however, and annealing of a sort 
which does not harm the surface. Bright an- 
nealing of silver strip during cold rolling has 
also been very successful, for the anneal is uni- 
form and produces a surface which can be 


buffed readily to a required polish there be- 


Furnace With Controil- 
led \fmosphere — for 
Bright Annealing 
Stampings of Gold, Sil- 
er, and Brass Used by 
ewelry Manufacturers. 
Doors at both ends of 
heated chamber de- 
press and top portion 

rms part of smooth 
rough along which run 

ork-containing trays 


CTOBER, 1931 


ing no scale nicks nor etchings nor pits from 
pickling solutions, 

A short experience with gold, silver and 
nickel alloys in the jewelry trade indicated that 
the principles and equipment for bright anneal- 
ing could also be used for soldering various 
small units into marketable articles. 

As is well known, an article must be clean 
before solder will alloy with the surface. In 
soldering by hand, a surface would be filed, 
sand papered or buffed, and then soldering 
“flux” would be used to dissolve and remove the 
remaining traces of oxide or dirt. But in bright 
annealing no flux is necessary, as the oxides on 
a surface are reduced by the chemical action of 
the artificial atmosphere which leaves metal in 
most excellent condition to unite superticially 
with the solder the latter, in fact, is drawn 
into and between tightly fitting surfaces by 
capillary action of amazing penetration. 

Thus it occurred that successful furnaces 
have been installed for soldering knife handles 
or silver handles for other flat ware. These are 
thin stampings of sterling silver (or nickel sil- 
ver for cheaper ware) made in pairs so two of 
When soldered 


together they are ready to be fixed to the tang 


them form a hollow handle. 


of the knife blade. Such soldering by machine 
has replaced the hand soldering operation. 

To mechanize this operation we built what 
is probably the first conveyor furnace using at- 
mospheric control, As shown in the photograph 


on page 78 the first or heating portion of the 
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device consists of well-insulated electric 
furnace, carefully designed and controlled by 
automatic pyrometric devices for a correct tem- 
perature gradient. Work is placed on the con- 
vevor woven wire belt of heat-resistant 
alloy and continuously moved through. (Con- 
vevor is geared to motor through a variable 
speed device, so the time evele is also under 
control) After passing through the heated 
chamber the work enters a_ relatively long, 
water-jacketed cooling chamber and emerges at 
the far end at room temperature. 

One operator loads the conveyor and un- 
loads at the other end, watches the temperature 
and speed controls. Production varies from 60 
to 125 dozen handles per hour, depending upon 
the size of the unit. This results in a great sav- 
ing in labor costs. The handles are also oxide- 
free and require a minimum of bufling or other 
finishing. Lastly a cheaper silver solder can be 
used, having a higher melting point than can be 
used with hand soldering without danger of 
melting or deforming the stampings, vet one 
which works perfectly in the furnace where the 
heat is exactly controlled. It is apparent that 
the operation is one which is much cheaper in 
over-all cost, and consequently has been of ad- 
vantage to those manufacturers who are meet- 
ing severe competition in this industry. 

Similar furnaces are being used for solder- 
ing chain, for making cuff links, for annealing 
first grade stampings for badges, emblems and 


escutcheon plates in many differcnt metals, and 


for assembling cigarette lighter shells, cigar ‘\, 
cases and vanity case parts. 

Soldering is only one phase of bright 
drawn 


nealing. Annealing, as such, of 


stamped metal parts in a conveyor type of | 
nace, has resulted in economies as great as |)as 


machine soldering. It has eliminated the op: 


tions of pickling, cleaning and drying, and » 
duces softened articles unmarked by scale pits 
or etched by acid solutions. Bright anneali 
applications have varied from the normalizi 
and annealing of strip steel and steel tubing and 
parts made therefrom to the bright annealing of 
cartridge shells or gold plated) optical and 
jewelry findings. In each application, quality 
or economy has been the decisive factor. 

One of the most recent and interesting ap- 
plications has been for the manufacture of “hi- 
metals.” These are used in the jewelry and 
instrument trades, such as gold on german sil 
ver for watch cases, white gold on silver, and 
green gold on brass for jewelry, and invar on 
nickel or other metals for thermostatic contro! 
purposes. Ordinarily plates or bars of the two 
would be soldered together in such a way that 
the combination billet can be rolled down into 
sheet wherein the precious metal represents a 
very thin’ veneer over the similarly-colored 
metallic backing. 

The conventional method of making th: 
composite billets is to clean the abutting plan 
surfaces carefully, flux them with some borax, 


place a thin sheet of silver (Cont. on p. 100 


Sterling Silver Knife Handle and Nickel Silver Cigarette Lighter 


Shell, 
solder. 


Each is stamped in half, joined into a hollow unit by silver 
The operation is automatic in an atmosphere of hydrogen 
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CORRESPONDENCE AND FOREIGN LETTERS 


Pure A luminum Versus 


Alloyed A for 


Transmission Lines 


New York 


objection to a statement in the foreign 


We feel we must raise an 


letter from Dr. Federico Giolitti in August Mera 
Proaress to the effect that in the case of “Mixed 
cables of pure aluminum and steel wire 

very soon the serious disadvantages of this type 
of cable were discovered, especially in the cor- 
rosion phenomena taking place in the bi-metal- 
lic system, and in the mechanical difficulties due 
to the differences of the modulus of elasticity of 
aluminum and of the steel core.” 

We wish to point out that steel cored alu- 
minum cables if properly manufactured, using 
clean aluminum wire of 99.5° purity and pro- 
perly galvanized steel wire, will resist interior 
corrosion indefinitely. All that happens with 
these is a slight oxidation of the exterior ex- 
posed surfaces of aluminum wire which is of 
negligible effect on the life and performance of 


these conductors. We have examined samples 


Turin, Italy In respect to the rapid de- 

velopment of the use of aluminum alloy 
cables for the new Italian electric overhead 
transmission lines: The alloy known under the 
commercial name “aldrei” practically the 
only one used in Italy for this purpose. The 
entire cable may be and is usually made en- 
tirely of the aluminum alloy no core of steel 
being inserted, as is necessary for pure alu- 
minum wire. 

A group of lines having a total length of 
about 5,000 km. mostly located in high 
mountains or on the sea-coast seems quite 
suflicient to draw practical conclusions concern- 
ing the behavior of the new material. 

Physical properties of aldrei alloy, drawn 
ind heat treated, have been studied with great 
care from the beginning, and special attention 


was paid to the design of transmission line 
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of steel-cored aluminum stranded conductors 
that have been in lines exposed to the atmos 
phere for several vears and have found the in- 
terior surfaces of aluminum and the galvanized 
steel to be similar in appearance to new wire. 
Regarding the suggested mechanical difficulties 
due to differences of the modulus of elasticity 
of aluminum and steel, we would say that no 
such difficulties exist in practice. 

Without questioning in any way the possi- 
bilities of the comparatively recent aluminum 
alloy conductors for overhead lines, we would 
point out that there is over 20 vears’ satisfactory 
experience with steel-cored aluminum conduce- 
tors and that the present world output of these 
conductors is considerably larger than that of 
aluminum alloy. 

For aluminum overhead conductors. steel- 
cored aluminum is exclusively used in America 
and England. For the British “Grid” or super- 
power system, several thousand tons of steel 
cored aluminum conductors have been erected 
within the past two vears, and have performed 
entirely satisfactorily. 

ALumintem Co... Lip. 


By A. J. Field. 


clamps and to the materials used for them. <A 
uniform type of non-vibrating clamp has been 
generally adopted, made of the aluminum alloy 
called “anticorodal.” which has already been 
mentioned in a previous letter. These clamps 
have completely climinated all corrosion at the 
grips, and have proved especially eflicient in 
avoiding breakage due to the resonance phe 
nomena produced by winds of low intensity and 
long duration. 

In fact, in the Italian lines so constructed in 
the past three vears no breakages have taken 
place, while such accidents have been reported 
to be rather frequent in the German and Amer- 
ican high tension lines. This fact is especially 
notable when it is considered that many of the 
Italian lines have long spans between 
supporting towers, 


For example, | may quote the 220,000-volt 
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mountain line from Cislago to Fiume Odglio, 
constructed with aldrei cables of 61 wires of 
2.82 mm. diameter each, and the 135,000-volt 
Valsugana line of cables having 37 wires of 2.63 
mm. diameter each. These lines have frequent 
spans of more than 600 meters, many of them 
being more than 700 meters long. In these and 
many other similar lines in the high mountains, 
no breakages have occurred, notwithstanding 
an exceptionally heavy snowfall strong 
winds during February and March, 1930. 

In a few unusually long spans of small 
cables, mixed cables (aldrei with steel wire 
core) have been used with excellent results. In 
the opinion of the constructing engineers, these 
last cables are superior to the composite cables 
of pure aluminum and steel wire, both from the 
point of view of resistance to corrosion, and of 
mechanical strength. There is a smaller differ- 
ence in the physical properties especially the 
elastic limit and the modulus of elasticity — be- 
tween aldrei and steel than between pure alu- 
minum and steel. 

If the development of these new high- 
tension lines of aldrei alloy has not vet been 
very great (a total length of only about 5,000 
km.) this is due to two causes: 

The first is of general character, namely, 
the world-wide economic depression which has 
greatly hindered the construction of new high- 
tension lines. The second cause has a more 
special character, because 
the vear 1928, which wit- 
nessed the construction of 
the first experimental line 
of aldrei cable, also cor- 
responded to the date 


when the great group of 


high-tension lines had 
been completed connect- 
ing the different parts of 
the Italian distribution system. New lines re- 
cently constructed are only secondary parts of 
that large system. Nevertheless, many of these 
shorter links are now under construction, and 
aldrei cables are being used almost exclusively. 


Certain metallurgical features concerning 
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the manufacture of the wire may be described 
later. Its heat treatment is planned to segrega| 
as completely as possible the materials in solid 
solution, in order to obtain the highest possib|, 
electric conductivity, and also to produce a) 
optimum tensile strength. A high degree of uni 
formity has been achieved in the rolling, dray 
ing and heat treatment. 
Freperico 


Twe-Cvyele Anneal 
for Malleable [eon 


Japan —-A malleable iron indus 
try has been developed in Japan quit: 
recently as compared to Europe and America 
In 1910, Y. Tobata 


Foundry Co., established the first malleable iron 


Aikawa, president of 


foundry in our country; now his company has 
two other foundries, one in Osaka and the othe: 
in Tokio. Besides these, 15 minor foundries are 
now making malleable castings. 

Production of Tobata plant, the oldest and 
biggest in our country, amounts to about 5,000 
tons annually of all kinds of malleable iron 
castings for railroad equipment, trucks, auto- 
mobiles, electrical machinery, and articles used 
in high tension transmission lines. The hizu- 
gawa plant in Osaka, established in 1921, has 
been well arranged with modern labor-saving 
equipment, and all kinds of pipe fittings are 
manufactured here. Tobata’s Tokio plant is the 
newest one, established in 1929, and it makes 
the same varieties of castings as does the Tobata 
foundry. Annual production of these three 
amounts to 10,000 tons, which is about 75‘. ot 
the total demand in our country. 

Since 1920, the Tobata plant has had a well 
equipped routine and research laboratory with 
Dr. T. Kikuta as the director. His investigations 
on malleable cast iron, steel castings, and othe: 
foundry materials have been continuous. A 
brief account of developments in the last severa! 


vears will be given. 
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When the Tobata plant was built the manu- 
turing process and the equipment were about 
the same as found in American practice. Air 
furnaces were used to melt; annealing furnaces 
were heated with heavy oil or coal gas and after- 
wards replaced by pulverized coal. It was be- 
lieved, as was general at that time, that packing 
material was an indispensable substance to an- 
neal white cast iron; Tobata used such packing 
materials until 1925 and therefore required 7 to 
1) days and even more to make black heart 
malleable cast iron. 

The first improvement in conventional prac- 
tice, installed as the result of research, was an 
attempt to use an electric furnace for melting 
iron. After several trials, a duplex method 
electric furnace and cupola was found to be 
most convenient; hence the air furnaces were 
replaced. At the present time materials for 
white iron castings are melted by this method, 
using four electric furnaces and one cupola. 

In 1925, Dr. T. Kikuta completed his inves- 
ligation of a new method of annealing for 
making the black heart malleable cast iron, 
which he has deseribed in Setence Reports, 
lohoku Imperial University, Vol. 15, No. 2, p. 
115. Packing materials have been completely 
abolished by this new process. Packing mate- 
rials caused an unnecessary consumption of 
heat and an unduly long annealing period. 

The principal object of annealing a white 
cast iron to make a black heart malleable iron 
is to decompose completely the cementite con- 
tained in it into soft graphite and ferrite. It is 
an established fact that free cementite can easily 
ve decomposed into its components by anneal- 
ing at high temperatures, but on the other hand, 
that portion of the cementite which is dissolved 
in austenite hardly decomposes at all. Hence, 
n order to cause the complete decomposition of 
ementite it is necessary to anneal in two stages, 
lirst at 900° CG. (1,650° F.) and then at a tem- 
perature below the Ar, point. By the first 
imnealing (at 900°) C. for about 10 hr.) the pro- 
utectoid cementite above A,,, line is completely 
fecomposed. By the second annealing (at a 


emperature a little below Ar, for 25 hr.) the 
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pearlitic cementite as well as the remaining pro- 
eutectoid cementite below A... line are both de- 
composed. 

White cast iron thus treated is completely 
graphitized and shows the normal structure of 
black heart malleable cast iron, that is, a struc- 
ture in which temper carbon surrounded by 
ferrite appears scattered over the ferrite ground, 
The total time of annealing for two. stages 
amounts to only 35 hr. and no packing mate- 
rials are used. 

Based on these experiments, Tobata and its 
branch foundries are now adopting clectric 
power as the source of annealing heat, by which 
several advantages, such as uniform heating of 
the cast articles and easy regulation of tempera- 
ture, may be obtained. The new method of two- 
stage annealing is also practiced. 

Several vears ago, when pulverized coal 
was used as fuel, the annealing of white cast 
iron required 7 to 10 days; but at) present 
the annealing period has been reduced to three 
to four days even to two days, since a new 
tvpe of electric annealing furnace has been con- 
structed. Another valuable result) has been 
found: Embritthement of malleable cast iron 


after galvanizing has been completely avoided. 


Vicrostructure at Center of Black 
Hleart Valleable Tron Vade by Double 
tnnealing Without Packing Mate 


rial and in sans Electric Furnace 
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In this way the Tobata Foundry Co, is now 
making black heart malleable iron castings at 
a low cost which have a good uniform quality. 
For example, test pieces from 10 heats gave the 
following results on 0.56-in. test pieces: Ulti- 
mate tensile strength, 55,000 to 61,500 Ib. per 
sq.in. (average 58,000); elongation in 2 in., 16 to 
21.5%) (average 18.0). 

The product is of such quality and price 
that a considerable export trade in pipe fittings 
and link chains has been developed in China, 
Some shipments 
United 


India and South Sea Islands. 


have been made to Europe and the 
States of America. 


Tario KIKUTA 


Practical Lsmitations 


Often Prevent Perfea 
Hardening of Sreel 


Panis, France In practice the problem 

of hardening a given piece of steel is 
much more complicated than would be = sup- 
posed by reading chapters on this subject in the 
standard treatises or textbooks. In fact, the ob- 
ject of hardening steel is merely to obtain a 
definite strength or durability and at the same 
time to avoid as far as possible those phenom- 
brittheness (such as 


ena which increase its 


superheating). The matter is related to definite 
objects to be attained. Furthermore, there are 
certain practical conditions imposed upon the 
operation by the available equipment used by 
the steel industry. Lastly, the problem is spe- 
cific, since it is not an ideal steel which is to be 
treated but a definite piece made out of a com- 
mercial steel. 

In a word, the conditions of hardening are 
defined by the characteristic curve of the steel 
(a subject which was discussed by the writer 
and P. Chevenard in 1921 before the British [ron 
and Steel Institute) and three other conditions: 

First, there are certain economic and indus- 
trial limitations which affect the heating opera- 
restrict the quenching to 


tions and = which 
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definite) mediums, generally three baths 
water, oil, or air. 

Second, due regard must be had for (\y 
proper depth of penetration, which varies with 
each piece and its intended destination. 

Third, one should avoid altogether, or at 
the very least, reduce to the minimum the num- 
ber of rejects due to change in dimension or 
quenching cracks. Equally important is it to 
avoid placing into service pieces which possess 
a high amount of internal strain. 

The simultaneous interaction of these vari- 
ous requirements comprises the real and only 
difficulty met in the hardening process. It is 
thought that the diagram presented herewith 
will therefore be of value in illustrating thes« 
various industrial influences as a function of the 
two principal variables, namely, the cooling 
speed, which is plotted in the horizontal direc- 


tion, and the hardening temperature, which. is 


Diagram Showing How Certain Wor! 
shop Limitations Restrict the Speed and 
Temperature of Quenching for Hardening 


A A’ 
SA” 41 XA Fi < 
D 
t — 
~ ~ 
X 
h Ge 
Cooling Velocity 
legend: 
Zones wherefrom a piece would be imperfectly haraert 


or not hardened at all. 


Zones excluded because in them the stee! would bé 
embrittied or overheated. 


alle al 


Zones wherefrom @ quenched piece would be liable tk 
large internal streins , or shrinkage cracks 


Zones outside the cooling rates provided by the aveilabi 
quenching baths. 
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ted vertically. This diagram and method 
epresentation assumes that the hardening of 
piece of steel may be defined by fixing the 
heating temperature and the cooling velocity. 
in other words, it would be located by the inter- 
section of two coordinates, 0 and V. It is easily 
secn that in such a figure every limiting condi- 
tion narrows the acceptable range for proper 
ly irdening. 

In the first place, if the steel is to be hard- 
ened at all, the intersection of the coordinates 
sand V (that is to say, the quenching tempera- 
ture and quenching velocity) must necessarily 
be above the curve AB, which may be called the 
critical hardening curve, being a function of the 
composition of the steel and of its past history 
or condition just before hardening. 

Second, assuming that the maximum of 
martensite is to be obtained in the piece (since 
this corresponds most frequently to the best 
mechanical properties), the intersection of co- 
ordinates must be in the vicinity of the curve 
VB. which may be called the curve of maxi- 
mum hardening and is again a function of the 
stecl and of its initial state. 

rhird, the penetration of hardening is lim- 
ited by the quenching baths which exist in the 
various workshops, so that the practical quench- 
ing rate is located within a certain number of 
vertical strips e, hf, or a, the width and the posi- 
tlon of which depend upon the size and con- 
figuration of the piece, on the nature of the 
quenching bath, its agitation and its tempera- 
ture. The position of these vertical strips can 
therefore be altered to a rather large degree. 
Likewise, the influence of drastic hardening 

iv be lessened by tempering. 

Fourth, to avoid overheating the steel, the 
enching temperature must necessarily 
der the line CD, which is a function of the 
inposition of the steel, its initial state, and the 
ne at heat. 

Fifth, in order to minimize the conse- 
ences of internal strains, such as warp, 
inge in dimension, and quenching cracks, the 
ersection of coordinates must fall below the 


nperature EF and be less than the speed FG. 
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This temperature and speed depend on one an- 
other, and again are a function of the form and 
dimensions of the piece and its expected utility. 

It can be appreciated that the field wherein 
a perfect solution of the quenching problem 
can be found is quite circumscribed when, 
indeed, it ever exists. 

It is admitted that this graphical represen- 
tation of the problem is quite simplified and ts 
qualitative and perhaps imperfect, but it does 
seem to have one advantage; namely, it shows 
clearly the interference and superposition of 
several factors which enter the general problem 
in its day-by-day applications. 

It is obvious that in many instances a per- 
fect solution of the problem is impossible. We 
may then have recourse to sundry proceedings, 
such as to preliminary heat treatments which 
refine the structure and make it more uniform, 
to a considerable modification of the cooling 
rates, as by interrupted or limited hardening, 
and to the careful selection of steel to climinate 
minor physical defects. 

ALBert Porrevin 


Snenge leon Lew 


im Impurities By, 


ELelund s Prec ess 


SrockHoiM, Sweden In several previ 

ous letters from Sweden the problem of 
producing iron sponge has been mentioned. 
The method invented by Sven Ekelund has re 
cently been very thoroughly tested on a semi 
industrial scale, and the promising results, 
which have just been made public. are of con 
siderable interest. 

According to Ekelund’s method the ore is 
reduced by Las venerated na slagging produces 
from a mixture of coke and coal. In order to 
obtain a gas with a constant composition, high 
in CO and H., free from CO. and with a low 
content of hydrocarbons, part of the is 
recirculated. 


The gas passes through a chamber abovw 
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the producer containing fuel, which latter is in 
this way subjected to dry distillation. The 
gaseous products of this distillation are con- 
ducted through the producer, where they are 
decomposed, 

Preheated air is used in the producer, and the 
gas, Which is taken out at a certain level below 
the upper surface of the fuel, has a temperature 
of 1000 to 1050) C. (1.9007 F.). 

At the tests mentioned the fuel consisted of 
a mixture of 42% coke, 51‘. coal and 7‘: char- 
coal. The average composition of the gas was 
found to be 33.65 CO, 98% and CH... 
The gas was free from CO... Part of the sulphur 
is removed in the producer, and the gas is fur- 
ther purified by means of a lime filter. 

The continuous, horizontal) furnace in 
Which the reduction takes place has a circular 
cross section, the ore is conveyed through it on 
moving plates of heat-resisting iron alloy. As 
the charge settles somewhat when passing 
through the furnace, the roof is lowered to- 
wards the outer end, and the charge thus fills 
the section through the entire length. 

When entering the furnace, the gas has a 
temperature of about 950 to 1,000) C. (1.8007 F.). 
The ore is preheated by means of burning waste 
gas from the reduction furnace. Throughout 
the entire length of the furnace the temperature 
is kept practically constant. As a valuable by- 
product fairly large quantities of combustible 
gas are obtained. 

Experiments were made with ore from 
Stripa containing 46°. Fe, and also with sinter 
containing about 67‘: Fe. 
The crude sponge ob- 
tained from the Stripa ore 
was concentrated mag- 
netically and then 
found to contain 92.8'. Fe 
and S. 
sinter a sponge was ob- 
tained with 93.7'. Fe. Of 


the total iron content, 87 


From the 


to 92°. was found to be reduced to the metallic 
state. The nitrogen content of the sponge was 
found to be only 0.002°,. 
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At these experiments on a semi-industr.a! 
scale the producer was somewhat large in corm- 
parison to the furnace, and the fuel consum- 
tion was therefore as high as 1.25 ton per ton 
of metallic iron in the crude sponge. On a full 
industrial scale, however, it is counted upon 
that the fuel consumption can be lowered to 
about ton for ton. When this is achieved, the 
cost of production of briquettes pressed from 
the sponge would be 15 to 20% lower than th: 
cost of high class pig iron. 


OUMAN 


Reliabilisy of 
Steel Boiler SL-ll. 


im Marine Service 


BIRKENHEAD, England One of the most 


interesting metallurgical documents is 
sued during the present year in England is the 
memorandum of the Engineer in Chief of the 
Manchester Steam Users’ Association for the 
prevention of steam boiler explosions and for 
the attainment of economy in the application of 
steam. The association in question is really an 
insurance company and the writer of the report 
has unique opportunities of investigating all 
boiler difficulties. 

He deals particularly with the behaviour of 
steel at high temperatures. This is a matter of 
extreme importance in that there has been since 
ihe War an insistent demand for greater eco- 
nomy in the production of power, and at the 
present time it is being accentuated by world- 
wide economic depression. The boiler maker, 
therefore, has been driven to construct boilers 
capable of withstanding pressures which, unti! 
a few vears ago, would have been regarded as 
fantastic. In addition to this, temperatures o! 
superheated steam have reached limits whicl 
are definitely set by the possibilities of metal- 
lurgical achievement to date. 

The Engineer in Chief goes very fully int 
methods of testing boiler material, which fo! 


want of anything better, is steel. It seems ver) 
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likely that for some time, at least, any sub- 
stitute will be found for this material. He dis- 

isses the available methods of testing, paving 
particular attention to “creep” tests and the be- 
haviour of the material at temperatures ap- 
proaching the working conditions. He also deals 
fully with cases of failure of boiler material 
which have come under his notice during the 
vear and considers them metallurgically as well 
as mechanically. 

Your correspondent chiefly concerned 
with the mereantile marine and it should be 
recorded that the number of failures of boilers 
on steamships is extraordinarily low. In fact, 
he has only this vear observed the first fracture 
of the shell plate of a Scotch boiler in his ex- 
perience. Personal experience therefore 
somewhat meager, but a summary of the facts 
which are generally accepted may be of value 
in order to appraise the modern trend in strong 
steels, 

The failure of boiler plates can be roughly 
classed in four headings: Defective material, 
bad workmanship, caustic embrittlement. and 
design. Engineers have had so much experi- 
ence that it is very unlikely the design is at 
fault. Caustic embrittlement as a cause of 
metallurgical breakdown is a theory which is 
held in much favor in many portions of the 
United States, but in my opinion, many of the 
instances quoted are not proven. The normal 
practice in this country is to take full me- 
chanical tests of the boiler plate and also to ex- 
amine it under the microscope, with a view to 
determining the structure. It is also the stand- 
ard practice to normalize shell plates for boilers. 
Consequently the probability of bad material is 
excluded. 

This, by subtraction, leaves the question of 
workmanship as the most likely cause of failure 
in boiler plate. Something could probably still 
be done to raise the standard of riveting, though 
again the experience of the marine engineer has 
been a very happy one. 

As I have already remarked, the number of 
tailures of marine boilers is so low that one has 


ery little experience with them. I hope shortly 
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lo be able to examine a set of boilers which 
have given thirty vears’ eflicient: performance, 
and then to be in the position to pass an opinion 
on the question of riveting, caustic embrittle- 
ment, workmanship and material. There are 
very few records available on this subject. A 
good boiler is seldom examined with minute 
care (other than routine inspections). 

While on the question of the increase in 
the duty which steel is called upon to bear, if 
would be well to draw attention to the manu- 
facturer’s side of the question. It is perfectly 
true that there are many of the alloy steels 
Which have extraordinarily good mechanical 
properties and which, on testing at least, are 
well suited to bear the abnormal stresses which 
modern engineering practice imposes. At the 
same time, they are costly, the demand for them 
is small and the amount of production is lim- 
ited. Consequently, the experience of the steel- 
maker is equally limited, and the possibilities 
of producing the perfect article are limited. In 
the writer’s opinion, it will be a long time be- 
fore anything is produced in quantity to beat a 
good piece of ordinary mild steel. The writer 
well remembers his difficulties when double re- 
duction gears were first introduced and nickel- 
chromium steel pinions were considered the 
desirable product. On one occasion he had to 
scrap nineteen first reduction pinions before he 
got a sound one. Long experience in the steel 
works, machine shop and heat treating depart- 
ment has changed this, but nevertheless, these 
experiences make one look warily on sugges- 
tions for high duty steels. 


Guimsuaw Marri, 


Srandards for 

Corrosion Tests 

on Aluminum 
Germany Tentative standards 
for determining the corrosion resistance 


of aluminum and its alloys have recently been 


prepared by the National Bureau for Metal Pro- 
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tection, These specifications apply primarily to 
sheet material but can also be used, with slight 
alterations, in testing welded, riveted, or 
screwed joints, protective coatings, and = cast 
aluminum. The laboratory tests approximate 
service conditions as nearly as possible but it 
is recommended that they should) be accom- 
panied by service tests wherever possible. 

Test specimens are to be taken adjacent to 
each other and in rotation so that at least three 
groups of specimens are taken from different 
places, each of which is subjected to corrosion 
for three or more periods of time. Sheet speci- 
mens are taken parallel to the direction of roll- 
ing. Chemical analysis, mechanical properties, 
and previous treatment of the material should 
be noted. Specimens are generally 2x°, in., but 
if tensile tests are to be made, 8x*, in. is prefer- 


able. For weathering tests specimens 1°)x8 in. 


Standard Device for Corrosion Tests in Moving 
Solutions. A 9-in. battery glass encloses a bake- 
lite stirrer and no more than 20 specimens 3°. 
in. from the avis. Cage is also of bakelite, or non- 


metallic material inert to specimens under test 


are best. Thickness is measured before ¢! 
test at both ends and in the center of each bar, 

Specimens are cleaned in pure, light be: 
zine, benzol, or a mixture of both. More volatil 
substances, such as ether and acetone, are u 
desirable because of the cooling effect ot 
evaporation. Drill-holes will increase corro 
sion attack, but if drilling is unavoidable, th: 
holes should be not more than !'x, in. diamete: 
and in the top center of the bar. Suspension 
hooks should be of material which will hav: 
no influence, and edges should not be covered 

There are three main types of tests: (a 
Laboratory, (b) weather exposure, and (¢) sea- 
water exposure tests. In making laboratory 
tests at least 6 ¢.c. of corroding solution is used 
per square centimeter of submerged area. Con 
centration of solution is maintained by adding 
distilled water to compensate for evaporation. 
Solutions must be renewed as corrosion. pro- 
ceeds and in making check tests this must be 
done in all vessels at the same time. Recom- 
mended solutions are of the following concen- 
trations: O.1, 0.2, 0.5, 1.0, 2.0. and 5.0 normal. 
Tests are usually made at room temperature. 
but if more complete data are required, the 
temperature should be raised by 10° increments 
in a thermostat. 

Tests should be performed in diffused day- 
light and, if quiescent solutions or standing tests, 
in open vessels. Air currents must be avoided, 
and the vessel should be covered if the solu- 
tion evaporates rapidly. Specimens of different 
composition or treatment should not be tested 
in the same vessel. 

In addition to quiescent laboratory tests, 
stirring and accellerated stirring tests are made. 
When test pieces are small, the solution may be 
agitated by an air current, but in most instances 
a stirring apparatus such as the one illustrated 
is to be used. The velocity of the solution is 
then measured in revolutions of the stirrer per 
minute; 135 is recommended. In reporting re- 
sults the diameter of the vessel, quantity of 
solution, type and size of stirrer, and distance 
of specimens from center of stirrer should be 
carefully reported. (Continued on page 120) 
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Dinanderie 


early copper 


and brass work 


IN BELGIUM, on the Meuse River, is a 
quiet summer resort known as Dinant. Its 
inhabitants now number less than 7,000 and vet 
ii was once such a famous manufacturing cen- 
ter that its name has been perpetuated to desig- 
nate the products of one of the important crafts 


of the middle ages. These products are works 


in copper, brass, and bronze, most of them ar- 
istic and ornamental and designed for eccle- 
siastical purposes, the remainder for domestic 
and commercial use. They are known collec- 
lively as “dinanderie.” for although excellent 
examples of the craft were produced all over 
Europe, Dinant, with its fifteenth century pop- 
ulation of 60,000) (about 8.000 of whom were 
workers in copper) was the industry's center. 

The raw materials for the making of bronze 
were not so readily available at Dinant as might 


be expected. Copper had to be imported from 
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1 Depository for a Sacred Relic, Made of 
Gilded Copper in the Form of a Small Ro- 
manesque Church, Cleveland Museum of Art 


the Hartz Mountains in Germany or from Secan- 
dinavia; tin from England. However, large de- 
posits of calamine (ZnCO_) in the banks of the 
Meuse River were an important factor. Al- 
though a litthe zine had been used in bronze 
before this time, brass was not manufactured in 
any great quantity until its development at 
Dinant. Another advantage was the “derle” or 
plastic clay used for molds and crucibles which 
was found in large quantities on the opposite 
bank of the river. But the success of this city 
mav be credited not so much to its natural re 

sources as to its strategic commercial location 
and to fortunate alliances with important trade 
leagues of the Middle Ages. 

It was only from the eleventh to the end 
of the fifteenth century that the craft flourished 
in Dinant. However, works produced both ear 
lier and later than this are similar enough to 
“dinan 


be classed under the general term 


derie”: also are included products from such 
distant countries as France, Germany, England, 


Italv, and Spain. 
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Ewers, or Aquamanile, Used in the Middle Ages for Water for Washing 
Hands at Meals. Ordinarily cast of bronze in grotesque shapes. From 
the collection of 14th century German art at Metropolitan Museum of Art 


Perhaps the best records we have of the 
processes and methods used are contained in the 
memoirs of a German monk, Theophilus, who, 
in the eleventh century, wrote a detailed and 
very informative Treatise Upon Divers Arts. One 
of his manuscripts contains directions for found- 
ing an elaborate censer by means of the “lost 
wax” process. This censer is highly decorated 
with four tiny towers, figures of the 12 apostles, 
of the prophets, and of the virtues, all bearing a 
wealth of minute decoration. 

The censer is cast in only two molds. Clay 
for the cores is to be beaten, dried, ground. 
sifted, mixed with water, well beaten again, 
and formed into what Theophilus calls “nuclei,” 
the inside core, of correct form and shape. Pure 
wax is then warmed, and rolled and pounded 
into thin sheets. These sheets are cut into ap- 
propriate sizes and molded over the core with 
an iron tool, great care being taken that the 
wak shall be everywhere of the same thickness. 
Next the decorative pattern has to be carefully 
traced in the warm wax with pointed tools. 
“Then.” says Theophilus, “the tunnels and air 
holes being placed in every part, you plaster 
thin clay carefully about it, and will dry it in 
the sun, and vou do this again, and a third time; 


these parts are now called molds.” When the 
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molds are thoroughly dried, the assembled com 
bination of mold, wax and core is warmed, 
whereupon the wax melts and may be poured 
out of the cavity. 

Again to follow Theophilus’ account, whil 
the brass is being melted in one furnace, the 
molds are heated in another. The heating fur- 
nace is made of stones and is large enough so 
the molds can be surrounded with coals. As 
soon as they are heated to glowing, they are re- 
moved to the casting pit, below the surface of 
the ground, and surrounded with earth. Thy 
molten brass is allowed to run from the furnace 
through clay troughs and down into the molds 
(In casting large pieces, several furnaces with 
converging troughs were placed in a semicirel 
around the casting pit. The mola could thus lb 
filled more quickly.) 

The molds must be cooled where no mois 
ture can reach them; otherwise the nuclei will 
swell and burst. A certain amount of filing 
“sculping,” and scraping is necessary after th: 
clay has been removed, and the brass must lb 
cleaned with sand and a piece of wood, slight! 
crushed at the end, before gilding. 

Brass which is to be gilded must be fre 
from lead, and this Theophilus calls “auricha! 


cum” as distinguished from “aes” or brass t 
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i. used without decoration. For aurichalcum 
“hbornt” copper must be used. The brass is 
melted in a clay crucible and strongly blown 
wilh bellows. When the proper temperature is 
reached, it is covered with fine coal ashes and 
stirred with a wooden stick. The oxidized lead 
will adhere to the ashes. The blowing is re- 
peated and ashes are added until a piece of the 
glowing brass held in pincers and struck with 


a hammer will not break. 


Mediaeval Molding Practice 


Casting of bronze by the Dinant artisans 
was done very much as Theophilus describes 
it. The clay used for cores probably contained 
a mixture of broken bricks and pounded cruci- 
bles, well beaten and smoothed. The molds 
were made of dried clay, pounded crucibles, 
and plaster of paris, rubbed with water to the 
consistency of cream. Only a very thin first 
laver of molding material could be spread over 
the wax, in order that the delicate tracings 
might not be destroved, and this was then cov- 
ered with several heavier coatings. Small rods of 
bronze or iron (chaplets) were inserted between 
the mold and core to hold them in place after 
the wax was removed. Numerous ducts and 
air vents had to be provided, as well as open- 
ings to scrape out the clay of the core. 

The preparation of bronze for casting was 
relatively simple, since tin was usually obtained 
in the pure state and could be mixed with pure 
copper in the correct proportion. Brass, how- 
ever, Was made with the calamine of the Meuse 
River banks, which contained an indefinite pro- 
portion of zine. The calamine had to be ground 
into a powder and mixed with the copper and 
the two fused. If the brass was not right, more 
calamine could be added. 

Not all dinanderie. however, was made in 
the foundry. Indeed, the manufacturers were 
Jenerally known as “batteurs de cuivre” or cop- 
per beaters. Beaten work was made of pure 

pper and was used mainly for small pieces, 
ich as reliquaries (ecclesiastical articles for 
lombing holy relics), book covers, and hollow 
ssels to be gilded. Larger pieces, such as 
nts, lecterns, and candlesticks, and pieces to 

decorated with niello, champlevé or cloi- 


ine enamel, were usually cast. 
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Copper for hammering and working was 
prepared in thin plates. Repoussé designs were 
made by either outlining the pattern on the 
surface and beating it into the back of the plate, 
or by placing the plate face down in a wooden 
mold and hammering it into shape. The sur- 
face could then be finished off by filling the 
inside hollows with lead or resin to resist the 
pressure of the tools and chasing the fine lines 
and markings with sculping tools and chisels. 

Much of the dinanderie was decorated with 
champleve or cloisonne enamels, some was set 
with jewels, but by far the most important or- 
namentation was gilding. This delicate process 
is also carefully described by Theophilus. 

Small pots are filled with thin strips of gold 
alternating with lavers of tile or dried red clay 
and salt and heated. Eight times as much mer- 
curvy by weight as gold is measured out and 
ground up with the gold mixture in a hot cru- 
cible. A glowing, curved iron tool is used for 
this purpose. When the mass is completely 
liquefied, it is poured into water, washed care- 
fully, and dried on a linen cloth. The article 
to be gilded is rubbed with a linen cloth dipped 
in a hot solution of ground winestone, salt, 
and mereury, and then rubbed with hog’s 
bristles. The gold is applied with a gilder, 
which is a copper chisel into the edge of which 
a small amount of mercury has been rubbed. 
After the gilt is applied, the object is again 
smoothed with hog’s bristles and polished with 
copper wire. 

It is to be regretted that so much of the 
dinanderie has been destroved or remelted dur 
ing the intervening centuries ——vet enough 


pieces remain to testify to an artistic skill and 


Plaque Representing the Crucifixion Made 
in the 12th Century of Bronze Gill 
Courtesy Metropolitan Museum of Art 
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ingenuity which could hardly be duplicated to- 
day even with our increased knowledge and im- 
proved methods and equipment. To produce 
these beautifully elaborate articles with such 
unscientific and inadequate methods as those 
described above, the ancient metalworker must 
have been endowed with a large share of pa- 
tience, persistence, and fortitude. The hazards 
and uncertainties of making a large bronze cast- 
ing, 


the Renaissance artist, Benvenuto Cellini, in 


even as late as 1558, are vividly related by 


the description of the casting of the “Perseus” 
contained in his Autobiography. 

Cellini’s difliculties were caused not so 
much by elaboration of detail as by the size of 
his statue, which measured nearly 8 ft. in height. 
He also used the lost wax process essentially as 
described by Theophilus. The clay core of the 
statue was supported with an iron framework, 
and the outer mold was also strengthened with 
iron girders. After the wax was melted out 
through numerous vent-holes (Cellini stresses 
the desirability of having a large number of 
these), the mold had to be moved from the bak- 
ing oven into the casting pit by means of a 
painstakingly constructed windlass. The mold 
was liberally banked with earth and supplied 
with earthenware tubes for air ducts. The 
melting furnace had previously been filled with 
pigs of copper and bronze so arranged that 
flames from a pinewood fire could play freely 
through them. 

All went well until the intense heat of the 
furnace set fire to the roof of the workshop. 
This was put out without much damage, but 
rain falling through the hole in the roof cooled 
the furnace to below the melting point of the 
metal. However, the roof was patched, more 
wood heaped on the fire, and the draught in- 
creased. Cellini then relates how, gick and ex- 
hausted, and sure now that all would be well, 
he went to bed, after leaving careful instruc- 
tions with his helpers. 

But what was his dismay to be wakened 
several hours later and told that the metal had 
caked and the statue was ruined! He ran out 
and piled dry oakwood (which makes a hotter 
flame than pine) on the fire and threw half a 
pig (60 Ib.) of pewter into the furnace. Stirring 
the bath vigorously, he soon saw it liquefy 


again. Just at this point, the cap blew off the 
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Cellini Describes Vividly in His Aut 
biography the Exciting Events Durii 
the Casting of His Famous “Perseus 


furnace and the bronze started to bubble out 
over the top, making it necessary to open th 
plugs and allow the metal to flow into the chan- 
nels and into the mold. But alas! the metal 
was still too viscous and flowed all too slowl 
Determined not to have his statue ruined, th: 
resourceful artist sent for his pewter dishes and 
platters (200 pieces in all) and threw them als 
into the furnace and into the channels. — I! 
worked. The pewter melted; the metal bubbled 
and flowed faster and more freely into th 
mold; and the Perseus was saved! 

Two days later the statue had cooled su! 
ficiently to allow removal of the mold. It was 
dug out of the banked earth with fear and 
trembling, for not a bit of metal had remained 


in the furnace rot a bit was to be found | 


the channels. Great was astonishmen! 
therefore, to find that the statue was entirely 
Exactly the right amount of metal 
To Celli 


could be nothing less than a miracle, and » 


complete. 


had been poured into the mold! 


customary fervor, he writes, “In my great 
tonishment, I seemed to see in this the hand 


God arranging and controlling all.” 
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WHAT IS THE 


VALUE OF 


HUMAN CONTACT? 


fue cost of telephoning is as little as it can be 
made. Its va/ue can be infinite. 
If it is worth your while to save time, to be 
n touch with people at a distance, to do busi- 
ness quickly, to keep in touch with friends and 
family —if such things have a value, the tele- 
phone holds limitless possibilities for you. 
| It is the means of extending your person- 
ality. Unlike 


cannot be made wholesale. Each one is a per- 


commodities, telephone calls 
sonal service. Each goes when and where you 
wish. At your request you have five thousand 

‘five million dollars’ worth of property at 
your command, two or three people or perhaps 

hundred attending the wires along which 
It is the work of the Bell 


System to do this well and cheaply. Its 


your voice travels. 


thousands of trained workers 


hundreds of 


must keep every part of its 4000 million do! 
lars’ worth of equipment ready for instant use 

Here is a business run on the smallest mat 
gin of profit consistent with service, security 
and expansion. Its operation and maintenance 
have the benefit of the continual research of 
the 5000 members of Bell Laboratories, the 
general and technical staff work of the 
American Telephone and Telegraph Com 
pany, and the production economies effected 
by Western Electric. 

Every resource of the Bell System is devoted 
to making your service clear, quick and 
inexpensive. As new telephones are added, as 
improvements are made, you get constantly 


greater satisfaction and value. 


* AMERICAN TELEPHONE AND TELEGRAPH COMPANY *® 
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FORGINGS SUBSTITUTED FOR CASTINGS 


by 
STEEL 
IMPROVEMENT 


and 
FORGE COMPANY 


IS peculiarly shaped part, formerly a casting, is 
produced on an Ajax Upsetting Forging Machine by 
the Steel Improvement & Forge Co., Cleveland, Ohio. 
Such forgings are quite typical of this company’s 
aggressive policy to expand the forging field by substi- 
tuting for castings, stampings and other material. 
forgings of equal or lighter weights and higher physi- 
cal properties. 

For carrying out this policy, which demands efficient 
production methods and minimum weight products. 
the Steel Improvement & Forge Co. relies to a great 
extent upon its installation of AJAX Heavy Duty 
Upsetting Forging Machines. 

THE AJAX MANUFACTURING CO. 


EUCLID BRANCH P. O., CLEVELAND, O. 
Chicago Office: 621 Marquette Bldg. New York Office: 1369 Hudson Terminal! 
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ral view of annealing plant for 
trip. A tower with traveling hoist 
each group of © furnaces. Fore- 
JS shows bases and hoods in the 


cooling position 


Ge 


24 electric bell-type furnaces were 
installed in this cold-strip mill: 
1. Improved finish 
2. Uniform hardness 

3. Shorter annealing cycle 
4. Reduced costs 


Better working conditions 


Loading end of a group of 6 furnaces, 
showing loaded bases ready to be placed 
in heating chambers under tower 

PROMINENT steel company recently modernized its process 
for bright-annealing steel strip by installing 24 electric bell- 
type furnaces — 12 of which were built by General Electric. 
The decision to take this important step was based upon months 
of exhaustive tests on a furnace of this type—in brief, on facts 
and results. 
Investigate Electric Heat—itis going places and solving many 
difficult production problems. But when considering any type of 
electric furnace, first consult your nearest G-E office. General Elec- 
tric is one of the leading builders, and largest users, of electric 


furnaces. 
$70.173 
99 
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Bright 


Annealing 


solder between them, wrap the pile carefully in 
asbestos, clamp the assembly tightly, heat it to 
the melting point of the solder, then squeeze the 
hot combination in a press. A certain. per- 
centage of the finished bi-metal sheet would be 
rejected after rolling because of incomplete 
soldering, or entrapment of droplets of flux. 

A furnace for this same operation has a 
power driven screw press built into a space be- 
tween heating chamber and cooling prolong. 
Bars of bi-metal, with a solder sheet (but no 
flux) between them, are heated in a hydrogen 
atmosphere to the flushing temperature of the 
solder. The function of the hydrogen atmos- 
phere is, of course, the same as the flux to 
remove any oxide from the abutting surfaces. 
When the correct temperature is reached, the 
hot pile is pushed ahead, out of the hot region, 
into the space between upper and lower platens 
of the press, and pressure of correct and meas- 
ured amount immediately applied and held un- 
til the billet has cooled below the setting point 
of the solder. Pressure is then released and the 
billet moved on into the water cooled extension 
of the furnace. 

Costs of bright annealing and the associ- 
ated operations have been continually lowered 
because the successive furnace designs have 
been improved, the method of generating gases 
has been perfected, and means adopted for its 
conservation, and the developmental costs have 
been absorbed and written off. Consequently 
many operations on cheap metals are now 
within the range of practicability, whereas once 
only the unusual applications could be consid- 
ered possible or economical. 

Atmospheres have been cheapened by mak- 
ing tighter furnaces, and closer fitting doors. 
Furthermore, the development of ammonia dis- 
sociators has provided a cheaper source of the 
necessary hydrogen. “Electrolene.” a General 
Electric development, is also available for large 
furnaces or an installation of smaller ones, 

Dissociated ammonia is usually introduced 


into the heated chamber near the hottest region. 
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If the furnace is a continuous one, the pressu: 
is slightly above atmospheric, so the outflowin 
yas effectually keeps the air out of the heat 

chamber and a lazy flame burns at the opening 
In some furnaces a stream of nitrogen is als 
introduced into the cooling chamber, at. suf 
ficient pressure to sweep out any air whic! 
might enter through the discharge door. This 
nitrogen is made by burning the dissociated am 
monia in a measured amount of air, and con 
densing the resulting water vapor. 

In most furnace operations it is all right to 
allow a nitrogen atmosphere to build itself up 
in the cooling chamber by natural means. The 
hot dissociated ammonia diffusing from th: 
heating zone will burn in any air which filters 
in through the door opening (according to the 
above reaction), and the water vapor condenses 
against the water-cooled iron sides of the cham- 
ber, and drains off through a suitable trap in the 
floor. This water vapor has little or no effect 
on the surface of most metals encountered, al- 
though it must be swept quickly out of furnaces 
heating steel. Hence steel annealers operate 
under a somewhat higher head of gas. 

Temperatures of the operation are moder- 
ate, so the heating elements present no problem. 
Brasses and silver are properly annealed at 
heats ranging from 900 to 1,150°. Silver solder- 
ing is usually done between 1,500 and 1,600 
although some compositions can be handled as 
low as 1,400, and still others require as much as 
1.750° F. 


drogen atmosphere have an almost indefinite 


Nichrome heating elements in a hy- 
life at these temperatures furthermore, heat 
resisting alloys are available for conveyors and 
other furnace parts. Copper brazing requires 
2,100° F., which is a litthe more severe, but easily 
met by properly selected alloys. 

From this brief account it may be seen that 
a wide variety of successful applications of 
bright annealing have been and are being made. 
It is a process which deserves and will get in- 
creased attention from fabricators of metal in 
all lines. It is performed at moderate tempera- 
tures, in properly designed furnaces, and with 
readily controlled inexpensive atmospheres. It 
has been developed because the process, when 
introduced in a manufacturing line, has lowered 
the cost of the finished article and improved its 


uniformity and quality. 
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BRISTOL Presents Industry 


Use of a Free Vane, 
floating between 
twin air jets, gives 
temperature control 
without distortion 


~MPLOYING a unique and rev- 
kK, olutionary principle of operation, 
this new BRISTOL Free Jane Re- 
rder Controller marks an almost 
wredible advance in air-operated 
tutomatic control, It makes possible 


gulating the temperatures of indus- 
rial processes to a devree heretofore 
imobtainable. 


‘ontroller action is full floating. 


nder the influence of temperature 
fuctuations the ingenious Free / ‘ane 
vice utilized for eftecting control 


actually floats from one position to 
nother. It does no mechanical w ork. 


t experiences no resistance or fric- 
m. Nor does it intertere in any 
ay with the motion of the record- 


ny element to which it is attached. 
lemperature indications are accu- 
rate. They disclose faithfully the 
state of the process under control. 
There is no distortion or restraint, 
either at, above, or below the control 
temperature, 
Lhe Free Jane Recorder Controller 
es precisely the control which the tem- 
rature record indicates. 
es BRISTOL’S pertected sensitive 


It IncoOrpo- 


actuating element of the popular 
helical tube ty pe which has been so 
widely accepted by industry as the 


standard of accuracy. 


THE 


Branch Aér 


BRISTOL COMPA 


, Birmingham, Bost 


A 24-page catalogue has been pre- 
pared that describes this remarkable 
new Free Jane Recorder Controller. 
It should be in the tiles of every in- 
dustrial engineer and executive. Just 
fill in the coupon and write for your 
copy. 

NY «~~ WATER 


hicage, Denver, Detroit, Los Ange ? 


TRADE MARK 


BRISTOLS 


REG. VU. S. PAT. OFF 


TRUMENTS FOR INDICATING RECORDING CONTROLLING SINCE 1889 


O-TOBER, 1931 


heart 


» 


THE BRISTOL COMPANY 


BURY =~ CONNECTICUT 


M.P. 10-31 
( LISTOL’S A 
rder 
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Foundry 


Pyrometers 


The thermocouple handle contains a supply 
of thermocouple wire that will last for several 
hundred immersions without renewal. 

The refractory tip on the Brown thermo- 
couple for molten aluminum serves not only to 
protect the couple wires above the point of ex- 
posure, but also electrically insulates the wires 
to prevent formation of a junction at the sur- 
face of the metal; thus assuring that such a 
junction will be effected only where the true 
average temperature of the hot metal can be 
obtained correctly. The refractory material of 
these tips is highly resistive to the destructive 
action of the molten aluminum at normal oper- 
ating temperatures. The cost of replacing is 
nominal and the operation of replacement can 
he accomplished in a few seconds, 


For brass, a thin protection tube is used, 


rather than bare metal wires. Protection. as 
noted above, is more necessary in hot corros yy 
copper alloys than in the cooler mild alumin yy, 
if the thermocouple is to maintain its thernyo- 
electric characteristics, without which accur 
is impossible. A special high chromium-ijroy 
alloy has been found which is sufficiently resist- 
ant to withstand from 500 to 600 30-sec. immer- 
sions in molten red or vellow brass at 2,250 | 

figures that have been thoroughly establis|ed 
by use of this couple in actual foundry work, 
The metal is of such a nature that it does not 
readily accumulate slag, so that the initial speed 
of heat transfer is closely maintained. Its mass 
is low enough so that an accurate reading will 
be obtained in approximately 25 sec. 

As shown on page 63, the tip is separately 
mounted on a hollow handle through which th: 
connecting leads are carried to the indicating 
pyrometer. The latter has a 5-in. dial, and jis 
capable of measuring temperatures up to 2,100 
The dial is divided into 120 scale divisions o! 
20> each. Quick, close reading is therefore very 


readily done. 


The VICKERS HARDNESS TESTING MACHINE 


... provides a proportional and abso- 
lute standard of hardness by the plastic 
indentation method. There is nothing 
empirical about it. It will test difficult 
specimens such as sheets under .007” 
thick; gear teeth on the working face; 
finished coil springs, etc., without dam- 
age. It is semi-direct reading and very 
fast...In research work into the consti- 
tution and properties of nitrided steel 
cases, after a trial of other Hardness 
Testing Machines, this machine was se- 
lected as the most suitable, as besides 
the hardness, it indicates the friability 
of the case, which is a measure of its 
wearing qualities. 


TERRITORIES OF UNITED STATES 
AGENTS FOR THE VICKERS HARD- 
NESS TESTING MACHINE: 


MR. W. T. BITTNER 

330 South Wells Street, Chicago, Ill. 

The States of Minnesota, Wisconsin, lows, IIlinols 
Indiana, Michigan, and the Northern part of Mis 
souri bounded by the Missouri River 


THE RIEHLE BROS. TESTING MACH. CO 
1424 N. Ninth St., Philadelphia, Pa. 

All United States territory exclusive of the above 
mentioned States, and inclusive of Alaske, Hawai! 
and the Philippine Islands 


CANADA: 


MESSRS. WILLIAMS & WILSON 
84 Inspector Street, Montreal, P. OQ. 


NO STEEL OR ALLOY IS TOO HARD FOR TESTING ON THE VICKERS 


TTITTT 
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MISCO 


HIGH TEMPERATURE ALLOYS 


from five pound fan to 
thirteen thousand pound rotor 


1 fully sllustrated 16-page cat- 
alog describing the uses of Misco 
High Temperature Alloy Metals 


nt on request 


rOBER, 


1931 


Recarp ess of size or weight, the 
makers of MISCO are prepared to furnish heat or corrosion resist- 
ant structures of the allov analysis best suited to withstand the 
particular conditions of service for which they are intended. 


If your alloy problems involve the use of castings, 
rolled products or fabricated structures, the makers 
of MISCO offer vou a dependable source of supply. 


MICHIGAN STEEL CASTING COMPANY 
1980 GUOIN STREET, DETROIT, MICHIGAN 


MISCO Castings, Bars, Sheets, Wire, Welding Wire 
MISCO Specially Designed Cast of Sheet Carhbu 
rizing Boxes »« MISCO Fabricated Nitriding Con 
tainers «© MISCO Cyanide Pots and Dipping Baskets 
MISCO Retorts «© MISCO Furnace Parts « MISCO 
Chain »« MISCO Trays « MISCO Rivets, Bolts and 
Nuts « MISCO Rolled Protection Tubes « Replaceable 
Wearing Strip (Root Pat'd. Type) Rolling Mill Guides 
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TRADE 
PAMPHLETS 


ABRE 


Cold Finished Bar Bulletin Joseph T. Ryerson & 
Sons, Ine. Bulletin describing the wide variety of 
shafting, screw stock, and open-hearth case carburiz- 
ing steels in use today. A range of products is given, a 
list of standard tolerances and S. A. E. specifications. 
Bulletin O-50. 


Automatic Control Type Pyrometer ~The Brown In- 
strument Co. Pamphlet describing this new instru- 
ment with control through mercury switches. Patented 
feature shuts down furnace in case of thermocouple 
failure or opening of circuit or short circuiting. No 
relays. Bulletin O-3. 


Safety Equipment for Pickling -Weaver Brothers Co. 
Literature describing and illustrating equipment for 
safely carrying out pickling operations on a wide 
variety of products. Bulletin O-52. 


Automatic Temperature Control Leeds & Northrup 
Co. Deal with the subject of automatic temperature 
control which suggests both the limitations and _ tre- 
mendous advantages within its field. For your copy 
of “Potentiometers for Automatic Temperature Con 
trol” ask for Bulletin O-46. 


“Economics of Industrial Heating” W. S. Rockwell 
Co. Leaflet discussing advantages and disadvantages 
connected with the use of various fuels and electricity 
when used for industrial heating operations. Bulletin 
()-49, 


Enduro Free-Cutting Stainless Steel Republic Steel 
Corp. Folder of physical properties and other data 
on a new corrosion and heat resisting stainless steel 
said to have the free cutting qualities of Bessemer 
screw stock. Bulletin O-8. 


Industrial Gas Heat-——-American Gas Association. A 
veritable textbook on the uses of gas heat in industry, 
profusely illustrated with photographs of installations, 
etc. Bulletin A-10. 


Tool Steels—Bethlehem Steel Co. Newly revised 
catalog describes the various grades of Bethlehem tool 
steel, explains the application of each grade and gives 
explicit directions for heat treatment. Bulletin A-76. 


Rotary Retort Furnace—-Hevi Duty Electric Co. 
Bulletin on Electric Rotary Retort Furnace used for 
carburizing steels with gas as a carburizing medium. 
Illustrations and specifications are also given. Bulletin 
A-44, 


Aluminum Welding—Aluminum Company of Amer- 
ica. Instruction card to be hung in the shop for ready 
reference, giving directions for welding aluminum. 
Bulletin A-54. 


Production Carburizing—American Gas Furnace Co. 
Bulletin describing the purpose, principles involved, 
types of machines used and how they are constructed 
for production carburizing, also nitriding, bright an- 
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nealing, hardening, annealing and tempering. Bulletin 
A-11. 


Thermocouple Protection Tubes—Michigan Steel 
Casting Co. Bulletin on Misco Rolled Thermocouple 
Protection Tubes for use in furnaces and in liquid heat- 
ing mediums at temperatures up to 2200 degrees Fahr. 
Bulletin A-12. 


The Modern Soaking Pit—-Surface Combustion Ccrp. 
Attractive booklet of layouts and photographs giving 
the advantages of the one-way fixed soaking pit. Bul- 
letin A-51. 


Industrial Application of the X-Ray —General Elec 
tric X-Ray Corp. Booklet gives many examples of the 
use of the X-Ray in the industrial field. Profusely il- 
lustrated with radiographs of castings, welds, asse: 
blies, etc. Bulletin M-6. 


Hacksaw-Ology—Simonds Saw and Steel Co. Book 
illustrating and describing the uses of hack saws. Bul 
letin JJ-69. 


Steel Users Reference Book —William Jessop & Sons, 
Inc., issue a booklet showing compositions, thermal 
treatment, mechanical properties and uses of various 
types of tool and constructional steels. The theories of 
hardening are discussed in their practical aspects. Bul- 
letin M-61. 


Stainless Steels—United States Steel Corp. Booklet 
describing various stainless and heat resisting alloy 
steels produced by subsidiary companies. Tables of 
chemical compositions and physical properties are in- 
cluded, also recommended procedures for use, polish- 
ing methods, ete. Bulletin JJ-79. 


Case Hardening—-Roessler & Hasslacher Chemical 
Co. 60-page booklet on case hardening and heat treat- 
ment of steel with cyanides; also discussion of coloring 
of steel with R & H heat treating salts. Methods of 
analyses, tables, etc., are included. Bulletin JJ-29. 


Electric Pot Furnace—American Electric Furnace 
Co. The new “American” electric pot furnace for lead, 
salt or cyanide is completely described in a bulletin 
recently issued by the above company. Bulletin J/-2 


Fatigue Testing Machine—-Thompson Grinder (Co 
Interesting data on fatigue testing and description of 
the rotating beam type of fatigue testing machine are 
given in Bulletin M-23. 


High Test Welding Rod——The Linde Air Products 
Co. A 12-page booklet describing the qualities and 
advantages of high test welding rod. Extensively used 
for fabrication of pipe lines, pressure vessels or other 
welding operations where high strength and econo!) 
are required. Bulletin JJ-63. 


Ferro Alloys and Metals (Third Edition)—Elec' 
Metallurgical Sales Corp. Describes current practices 
with specific reference to the “Electromet” products 
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supplied to the metallurgical industry by this organi- 
7 n, together with suggestions for their use in both 
the ferrous and non-ferrous industries. Bulletin JJ-16. 


ingot Molds—Gathmann Engineering Co. The sub- 
ect of ingot molding is covered in a new book on this 
subject. Numerous illustrations of the effect of various 
nethods of finishing and casting on the reliability of 
steel products are given. Bulletin S-13. 


Non-Metallic Heating Elements—-Globar Corp. Bul- 
letin of technical information concerning Globar non- 
netallic electric heating elements which are used for a 
wide variety of industrial heating applications. Bul- 
letin J-25. 


Heat Treat Supplies—Case Hardening Service Co. 
Supplies and equipment for the modern heat treating 
plant are described in a 24-page catalog. Numerous 
illustrations and many helpful suggestions for eco- 
nomical heat treating and equipment operation are 
given. Bulletin H-15. 


Grinding and Polishing Machine —-E. Leitz, Inc. New 
pamphlet describing this double spindle machine pro- 
vided with an automatic arrangement so that the 
operator need not give personal attention to polishing 
of specimens. This instrument is offered at a price 
attractive to small laboratories. Bulletin A-47. 


Inclined Binocular Body— Bausch and Lomb Optical 
Co. Leaflet describing the inclined binocular body 
for microscopes. This device allows the microscopist 
to sit at the microscope in an unstrained position, 
and to use both eyes, thus reducing eye strain. Bul- 
letin A-35. 


Carbofrax Veneered Arches—-The Carborundum Co. 
Pamphlet dealing with Carbofrax veneer blocks as 
applied to various types of arches which are subjected 
to high temperatures as heat treating furnaces, forge 
furnaces, electric furnaces, tunnel kilns, ete. Bulletin 
4-57. 


Practical Metallurgy for Engineers ——E. F. Houghton 
ind Co., Philadelphia. A 435-page book by the Hough- 
ton Research Staff, covering practical metallurgy in all 
its phases. Copies of the third edition are obtainable 
by sending $3.00 directly to the above company. 


Conveyor Belts -Wickwire Spencer Steel Co. Port- 
folio describing the new heavy duty Atlas link belt 
and the new Delta link plate belt, designed to carry 
very small as well as large materials through high 
temperature operations. Bulletin A-37. 


Gasalyser—Chas. Engelhard, Inc. New _ bulletin 
which describes the Gasalyser, a new portable instru 
nent for gas analysis, in addition to gas analysis tem- 
perature measurements can be made with the same 
instrument. Bulletin A-14. 


Bright Annealing—Process Engineering and Equip- 
ment Corp. Descriptive material on Preeco furnaces 
for bright annealing of steel, brass, nickel silver, cop- 
per, nickel and alloys. Bulletin A-81. 


_ Electric Furnaces—-Hoskins Mfg. Co. Complete de- 
scription of Hoskins electric furnaces of the tool-room 
type and those for light production. Bulletin A-24. 


Anti-Friction Bearings Timken Roller Bearing Co. 
eprint of an article on load and power tests on anti- 
lriction bearings for steel mill service. Bulletin A-71. 


Railroad Applications of Nickel Alloy Steel — Inter- 
tational Nickel Co. A series of 8 recommended speci- 
Neations covering forging billets, normalized and 
empered low-carbon forgings, boiler and _ firebox 

ites castings, bolt steel, main frames, staybolt steel, 
cylinder iron. Bulletin S-45. 


Thermit Welding—Metal & Thermit Corp. A book 
scribing their Thermit welding process in detail. 
lletin S-64. 
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Furnaces for the Steel Industry The Electric Fur- 
nace Co., have issued a four-page folder illustrating 
and listing several electric and fuel fired furnaces of 
various types they have installed in steel plants. Bul 
letin S-30. 


The Coreless Induction Furnace in the Steel Industry 
Ajax Electrothermic Corp. Reprint of a paper de- 
scribing recent developments in high frequency core- 
less induction furnaces and their probable applications, 
Bulletin S-41. 


Electric Steam Generators General Electric Co. 
Booklet describing and illustrating G. E. electric steam 
generators for process work. A list of applications Is 
included showing how these generators may be used 
in a wide variety of industries. Bulletin S-60, 


Carburizing Retorts—-Driver-Harris Company has 
issued a bulletin featuring carburizing retorts. This 
bulletin gives data and advantages of “Nichrome” heat 
resisting alloy in the form of carburizing retorts. Bul- 
letin S-19. 


Electric Heat Treating Furnaces Ajax Electric Co., 
Inc. Photographic description of new electric furnaces 
for annealing wrought products, such as sheet, wire, 
tubing, rod, ete. Bulletin S-83. 


Recorder Controller Bristol Co. Catalog describing 
and illustrating Bristol’s air-operated free vane re 
corder controller. Bulletin O-56. 


Aluminum Alloy Castings British Aluminum Co., 
Ltd. Booklet contains information on aluminum alloys 
used in all manner of light alloy castings. Contains a 
quantity of technical information for foundries and 
users of aluminum alloys and alloy castings. Bulletin 
()-78. 


Scale Prevention Dearborn Chemical Co. Booklet 
describing latest scientific methods of treating water 
for prevention of seale, corrosion and foaming tn 
steam boilers, dealing with related problems in con- 
nection with scale and corrosion in other power plant 
equipment. Bulletin O-36, 


Heat and Corrosion Resistant Alloys General Alloys 
Co. A new bulletin is available on chrome-nickel and 
straight chrome heat and corrosion resisting alloys. 
Bulletin O-17. 


Hy-Ten Alloy Steels Wheelock, Lovejoy & Co., Inc. 
“Pertinent Points” folders covering physical proper 
ties, heat treatment and applications of all grades of 
liv-Ten Special Steels. Bulletin O-22. 


Refractories FE. J. Lavino & Co. Literature on 
Kromepatch and Plastic K-N chrome ore refractories 
for industrial furnaces. Bulletin O-40. 
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Fercign Letters 


Accellerated stirring tests are of practical 


value when the corrodibility of the material in 


the shortest possible time is desired. Strong 


solutions are necessary but they should not be 
An 


bevond the limits of practical conditions. 


agent recommended for performing accellerated 


sea-water corrosion tests on aluminum and its 


alloys is a 0.5 N (about 3‘. ) sodium chloride 


solution which contains hydrogen per- 


oxide. 


Another type of laboratory test is known as 


the “wet and dry” test, in which the specimens 


are alternately dipped in the solution and al- 


lowed to dry in air. Periods of immersion and 


emersion are determined by the length of time 


for the specimen to become completely wet and 


completely dry, and should be reported in the 


results. 


Spraying tests are to be made on a speci- 


men suspended in a closed vessel wherein the 


corroding solution is blown by means of com- 


pressed air so as to produce a fine fog. Spraying 


should be suflicient to form a thin layer of small, 


individual droplets on the surface; too much 


solution 
off the 


washed 


will form large drops which will drain 


specimen. Compressed air must be 


and free from oil and acid. Spraying 


should be succeeded by a period of drying. 


In weather and sea-water exposure tests, 


specimens are to be attached to wooden frames 


in such a way that no strains are produced. 


. 
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. AJAX ELE 
ELECTRIC HEAT TREATING FURNACES 


ELECTRIC TUNNEL KILNS 


In weathering tests the frame should be at least 
20 in. above the ground and inclined at an anvle 
of 45° toward the south. Accumulation of mv js- 
ture should be avoided. 

In evaluating test results five points must 


be taken into consideration: 
1. 


sion is measured by the ratio of corroded to un- 


Change in surface. Amount of corro- 
corroded portions, which is computed by means 
of macrographs and micrographs taken both bhe- 
fore and after testing. Location and nature of 
attacked spots should also be described. 

Extent of 
micrographic investigation is optional with the 
the 
should be marked on a photograph of the sur- 


2. Change tn microstructure. 


investigator but cross-sections examined 


face. In pitted specimens, the nature and depth 
of the spots should be noted. 
3. 


men should be free from corrosion products be- 


Change in weight. The exposed speci- 
An efficient cleaning agent 
Weight 


changes are accurately and simply reported in 


fore it is weighed. 


is cold dilute nitric acid (about 5‘: ). 


grams per unit of surface area. 

1. Change in tensile properties. Tensile 
strength, clongation, drawing quality, and bend- 
ing quality are determined by the usual test 
methods before and after attack. 

+. Nature of corrosion products. ‘These 
sometimes take the form of protective coatings. 
The report should cover color, condition, and 
form of the film, and sometimes should include 
chemical analyses. 
data, individual results, 


In plotting test 


average values, and values computed per unit 


of area are all to be tabulated. 


GreorG GoLDBACH 


CTRIC COMPANY, INC. 


YN OF THE AJAX METAL COMPANY 


and 


PHILADELPHIA, PA. 
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